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OETTIRMINATION of the molecular complexity, BTC. 903 


j, XXXI 11 . — The Delei'minat'ion of the Molecular Com- 
plexity of Liquid Sulphur. 

By Alex. Mitchell Kellas. 

jicLPHCB tas a greater molecular complexity in solution, and also 
throughout a considerable range of temperature in the gaseous 
('oiulition, than any other element, and its complexity in the liquid 
vitate would therefore seem to be of special interest. 

This was recognised by Ramsay and Shields, the pioneers, who. 
following up a generalisation of Eotvbs Phys. Chem.. 1886, 

[iii], 27 , 452), made the first series of determinations in connexion 
with the complexity of liquids, but they stated that no results 
could be obtained with sulphur, because of its great viscosity (T., 
1893, 63 , 1089). After further attempts, Ramsay and Aston made 
a similar statement as a final conclusion (T., 1894, 65, 167). 

Several years ago, the author, in carrying out the usual lecture 
experiment of preparing the plastic modification of sulphur, drew 
the conclusion that viscosity could not be the cause of the failure 
to obtain definite results, as sulphur is quite mobile from its melt- 
ing point at 115° up to about 160°, when an. abrupt increase of 
viscosity occurs. This evidently gave a range of about 45° for the 
determination of the variation of molecular surface energy with 
temperature, which is larger than that generally used by Ramsay 
and Shields. 

Preliminary experiments showed that it was easy to get liquid 
sulphur to rise from 4 to 8 cm. in capillary tubes, but also, as was 
to be expected from the difficulties encountered by such especially 
careful workers as those above mentioned, that it was impossible 
to obtain concordant results. As, however, great viscosity — which 
at this stage was regarded as an almost insuperable factor — was 
evidently not the cause of the discrepancies observed, the author 
darted a series of experiments in order to determine the actual 
disturbing agents, and, after great difficulty, was able to devise a 
course of procedure which allows of the determination of the 
surface tension of sulphur at any temperature from its melting 
I'fdnt to its boiling point (that is, from 115° to 445°). 


Derivation of Snitahle A pi)aratus. 

It was found necessary completely to modify the apparatus 
by Ramsay and Shields, which consisted of a sealed tube 
partly surrounded by a vapour jacket. The capillary used by them 
CXITI. N N 
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was attached to a small cylindrical bulb containing soft iron, which 
allowed of its being raised into position by means of a magnet 
(T 1893, 63 , 1094). It was found possible to work satisfactorily 
witii this apparatus only after jacketing the whole of the reaction 
tube, an electromagnet being employed to raise the capillary, but, 
as the latter frequently fractured when the sulphur solidified, thus 
causing great loss of time, it was eventually decided to alter the 
apparatus so as to allow of the use of thick-walled capillary tubes. 

Fig. 1. 




After experiment, it was found that the stout-walled tubing used 
for making ethyl chloride jets was suitable, but, being ‘ 

was necessary to manipulate it from above. The relationship 
between the Ramsay and Shields type of capillary an 
employed in the work described below is illustrated in Fig. 
use in mobile sulphur, it was found convenient to bevel the top oi 
each capillary tube at an angle of 4,5°. so as to Fevent sulp 
collecting on irregularities and trickling into the _ 

during the course of an experiment (Fig. 1, i). 
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sulphur, however, even this precaution was insufficient, and it was 
gveutually found necessary to bevel each capillary round the top, 
like a sharpened pencil (Fig. 1, c). 

The capillary was contained in a long, cylindrical tube closed 


Fio. 2. 



W a rubber cork, through which passed a stout glass rod attached 
to the base of the capillary tube, as shown in Fig. 2, The rod 
''as expanded into baffle-disks in its lower portion so as to prevent 
cooling of the surface of the sulphur by convection currents. A 

X N 2 
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side-tube provided with a tap allowed of exhaustion of the experi- 
mental tube containing the sulphur by means of a Tbpler pump. 
The cube was surrounded by a vapour jacket, and it was eventually 
found preferable to use a long tube without condenser. The con- 
nexion of this jacketing tube to catch-flask, manometer, and air- 
chamber, which allowed of modification of the boiling point of the 
liquid used, is illustrated (Fig. 2), 

The upper portion of the sulphur and the scale in front were* 
strongly illuminated by an incandescent electric lamp. As the 
capillary and scale were necessarily a considerable distance apart, 
a special type of telescope was employed which focussed clearly 
objects within an exceptional depth of field. The gas in the 
experimental tube was kept dry by means of a side-tube contain 
ing phosphoric oxide and sodium hydroxide, the latter reagent also 
absorbing. sulphur dioxide. 


Factors causing Special Difficidtp in the Determi nation of the 
Surface Tension of Sulphur. 

During the long series of experiments carried out while a suitable 
apparatus was being developed, it was found that concordant result 
could only be obtained after purification of the sulphur. On 
investigation of the gases pumped off after boiling, the disturbing 
agents were evidently sulphur dioxide, sulphuric acid, and hydrogen 
sulphide, and also perhaps compounds formed from these substances 
by reaction with sulphur, water being an accessory factor. This 
agrees with the experience of Moissan [Ann. chim. Phys., 190i. 
[viii], 10 , 433), Malus {ihid., 1901, [vii], 24 , 491)--who found that 
fresh gas was evolved even after eighty successive fusions— and 
other observers. 

It was found advisable not to use sulphur which had been ex 
posed to air, as it seemed more difficult to purify, which agrees 
with the observations* of Leonard {Analyst, 1901, 26 , 319) and 
Pollacci {Boll. chim. farm., 1908, 47 , 363), who state that sulphnw 
acid may be present in quantities up to 0*25 per cent. 

Method of Procedure. 

At first it was supposed that it was desirable to start with pure 
sulphur, and the purest crystalline* sulphur obtainable 
employed. It was later found, however, that if commercial flowers 
of sulphur were once distilled and the middle fraction used, excel- 
lent r^ults could be obtained after purification from sulphir 
dioxide and the other impurities mentioned above. 

Immediately after distillation, the sulphur was poured intA the 
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beat'etJ, dry experimental tube. The capillary tube, which had 
been cleaned by wanning with potassium dichromate and sulphuric 
jjcid, washed with distilled water, and then heated to about 350^ 
jn 3 small cylindrical electric heater, was inserted in the molten 
sulphur and the air (or nitrogen) pumped off. The tube was then 
filled with dry nitrogen and the sulphur boiled for fifteen to twenty 
minutes; after cooling, the tube was exhausted and left to remain 
overnight, again filled with dry nitrogen, the sulphur boiled, and, 
after allowing to cool to about 140°, the capillary was raised from 
the liquid and the behaviour of the sulphur noted. If the sulphur 
were pure and the capillary tube clean, any bubbles of gas in the 
latter which were not spherical would be concave above and below, 
looking like cylinders with hemispherical ends, and between 120° 
and 160° would rapidly rise and escape, slight reduction of pressure 
invariably causing a rapid rise. If, on the contrary, the sulphur 
or tube were in an unsatisfactory condition, any bubble in the 
capillary would have more or less flattened menisci, and would not 
move, even on reducing pressure to a considerable extent. 

If unsatisfactory, the process of boiling and exhaustion was 
repeated, but if the behaviour of the sulphur seemed normal, the 
tube was surrounded with the vapour of a liquid at a definite 
temperature and a series of measurements effected. Six determina- 
tions were generally carried out for temperatures below 160°, an 
agreement within O' 01 cm. being required, but in many cases the 
six readings were identical. At temperatures above 160°, on 
account of the enormous viscosity, 0-02 cm. was the limit of error, 
and fewer readings were usually ta^en, because of the increased 
length of time required for each experiment. 

The substances employed as vapour jackets included glacial acetic 
acid (b. p. 118°), chlorobenzene (132°), bromobenzeiie (157°), 
methyl oxalate (163°), aniline (183°), ethyl benzoate (212°), 
punoline (237°), bromonaphthalene (277°), diphenylamine (304°), 
pheiianthrene (340°), and mercury (357°); boiling liquid sulphur 
^445°) was also used. For substances boiling above 300°, the 
jacketing tube was wide and had no bulb at the end. 

The surface tension apparatus was filled with dry nitrogen 
hiring the purification of the sulphur, in order to prevent the 
formation of sulphur dioxide. Bodenstein and Caro (Zeitsch, 

P pikal. Chem., 1910, 75 , 30) have stated that sulphur oxidises 
ow y at 150° and rapidly near the temperature of ignition — 
approximately 245° — which seems to agree with the results 
observed. It was found to be unsatisfactory to boil the sulphur 
'“a vacuum, as the whole mass was apt to project itself up the 
at about 200°. r r j P 
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Preliminary experiments seem to indicate that ammonia may be 
used to aid in the purification of sulphur, as might be expected 
from Smith and Carson’s results {Btr., 1902, 35 , 2992). 

Dtfenninat'ton of Bftflii of the CainUunj fuhes Em [Hoy id. 

In order thoroughly to test the method of working, and also to 
find out whether the viscosity of sulphur affected the results 
narrow tubes, seven capillaries were selected of radii varying from 
0*09992 to 0*00895 cm., that is to say, from approximately 2 lum, 
to 0*18 mm. in diameter. The latter is smaller in bore than aiiv 
of those employed by Ramsay and Shields or other workers (so far 
as the author has observed), water rising in it to a height of about 
16 cm. 

The determinations of bore were effected by means of mercury, 
the following being the mean values for, the respective radii in 
cm.: (1) 0*09996, (2) 0*0721, (3 ) 0-05208, (4 ) 0*03318, (5) 0-02361 
(6) 0-01523, (7) 0-00895; number (5) was afterwards found to be 
slightly oval in section. 


Defennimit'ioii of the l)en.Ki{y of Sulphur at Different TemperaittrtK 

As trustworthy values of the density of sulphur at different 
temperatures did not seem to be available, determinations were 
carried out with three different pieces of apparatus, namely: (1) a 
large glass dilatometer, with a bulb of capacity 61-287 c.c. at O". 
(2) a small quartz weight-thermometer, the volume of which at 
0° was 8*63265 c.c., and (3)» a large quartz dilatometer, -with a 
bulb of capacity 56-74 c.c. at 0*^. 

Tn the case of the glass dilatometer, the cubical coefficient ot 
expansion of the glass was determined and found to be 0*000025? 
The coefficient of expansion of the fused silica ware used was takeu 
as 0-00000177. The table on p. 909 gives a summary of the valii?> 
obtained. 

The agreement of the different scries seems fairly satisfactory, 
but it must be noted that they are not in accord with much of the 
jireviously published results. For example, Ossan {Ann. 
Chern., 1834, [ii], 31 , 33) gives a density of 1-927 at 115^, Rndrf 
{Prnr. >/??/. Son., 1910, 16 , 59) 1*861 for 133°, aiu! 

Ramsay (1\, 1879, 35 , 471) gives 1*4578 to 1-513 ns the density at 
tliG boiling point. , Space cousiclei-ations prevent <liscussion f- 
earlier work, but it might be noted that Kriiyt [Zeiisrh. phfpAitl 
('hern., 1908, 64 , 513) gives a useful bibliography. 

The peculiar variation of the coefficient of expansion towafa^ 
160° seems to point to an alteration of molecular complexity. 
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The relationship of density to temperature is well expressed m 
curve No. 1, which shows clearly the peculiar bend, beginning al 
about 160°, and resulting in a complete alteration of alignment. 


Determination of Surface Tension arid Molecular Complexity ol 
Svlfheur. 

The values for surface tension obtaine<l in the different series of 
experiments with* the seven capillary tubes mentioned above ms. 
be most conveniently considered with regard to sulphur bet^veeu 
two ranges of temperature: 

Part I. Mobile sulphur (S.), 115° to 160°. 

Part II. Viscous sulphur (S,), 160° to 445°. 

This division is rendered advisable, because of the extraordniary 
variations in the viscosity of sulphur. Between 115° and 160t 
the viscosity varies only slightly, being given by Rotiiijaiii 
iZeitsch. physikal. Chem., 1908, 62 , 609) as 11 at 120° and 8 at 
150° The viscosity of water at 100° is 0-0028, so that siilphu, 
near its melting point is about 4000 times more viscous than water 
at its boiling point. At approximately 160°, however, there is i 
sudden alteration of viscosity,* which greatly increases. The 
augmentation continues up to about 187°, at which temperature 
Rotinianz gives the viscosity as 52,000, that is to say, 18,600,00u 
times greater than water at 100°. Above 190°, the viscosity 
diminishes, becoming 13,300 at 240° and 74 at the boiling point 
It is doubtful, however, whether Rotinjanz was working with pun 
sulphur . 


Part I. 

Determinatiou oj the Surface Tension, Molecular Surfac^e hiiciyi. 
and MofecnUir CoinplexHy of Mobile Snlphur (S,)t 115—160- 

The results obtained with the capillary tube uf approximaldy 
1 mm. bore might be summarised as typical, although presuinabl} 
not quite so accurate as those determined with narrower tubes 
The difficulty of obtaining correct values depends primarily on the 
impossibility of reading with absolute accuracy the depth of the 
meniscus at the surface of the liquid in the vessel. The accuracy 
is generally within 0*01 cm., and the possible error would be 
if the capillary tubeVere aligned so as to be exactly in the (’cntrf 
of the experimental tube. 
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Table II. 

SuMffiiiry of of Four Serirs of E j' perhaenta v^lth 

Capillary Tuhr No, 3. {Eadim, O' 05 208 cm.) 

132'’ U2-8° 155-6“ 

1-24: 1-24 1-225 : 1-226 1-19: 1-20 

1-24: 1-24 1-225: 1-226 M9 : M9 

1-24:1-24 1-225:1-235 1-20 : 1-20 

1-24 l-i25 1-195 

From such results, the surface tension can be calculated by 
working from the general equation usually employed, namely, 

'j. x 27 rrx cos0 = 7rr2x (/t + r/3) X X where y is the surface 

tension, r the radius of the capillary tube, h the capillary rise, 

3 the correction for capillary meniscus, d the density of the 
liquid, di the density of any gas above the liquid, and g the 
acceleration of gravity. The density of the vapour (rf;,) can usually 
be safely neglected, and since molten sulphur wets glass, cos 0 may 
be taken as unity. 

As previous workers have assumed that there is a definite con- 
tact angle between sulphur and glass, and Rudge {Proc. Camh. 
Phil. Soc., 1910, 16, 55) has determined the angle by two methods 
to be 60°, the author has summarised his reasons for the above 
conclusion in a separate paper, and need only record here that 
the behaviour of sulphur during purification seems decisively to 
negative anything more than a very small contact angle. 

In the case of pure fused sulphur, large bubbles of gas in the 
capillary tube were, as already noted, cylindrical with hemisperical 
ends, and bubbles of the same diameter as the capillary tube or 
smaller were apparently spheres, and the contact angle seemed to 
he zero, the sulphur appearing to wet the glass. In the case of 
impure sulphur, these relationships did not hold. There seemed 
to be inconstant contact angles, which might differ considerably in 
different parts of the same capillary tube, and often approximated 
to 90°. The diagram on p. 912 (Fig- 3) gives an idea of the nature 
of the bubbles in the two cases. 

The change in form of the bubbles as represented for impure 
and pure material was invariably accompanied by a great increase 
of surface tension, which might nearly double or triple in a very 
i^hort time, and then seemed to remain absqlutely constant for a 
?iven temperature. 

It might also be pointed out that a contact angle of 60° is 
improbable for two other reasons. In the first place, it would 
mean multiplying the values of surface tension summarised below 

N N* 


Temperature. 1 1 6-4“ 

r 1-27 : 1-27 
Caoillary rise in cm. | 1-27 : 1-27 
^ ! 1-27 : 1-27 

Average capillary rise 
jcm.) 
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by 2, which would raise the surface tension of sulphur for tempera- 
tures above 115° to more than double that of water. In the secoiiti 
place, if the contact angle between sulphur and glass were 60°, the 
formula deduced from the variation of molecular surface eiier^rv 
with temperature could be represented at which, in view of tht 
known aggregations of sulphur in the gaseous state and in solution 
seems quite inadmissible. 

Assuming the angle of contact between sulphur and glass to he 
zero, the values oj^tained for surface tension and molecular surf ape 
energy are summarised in table III (p. 913), 

The mean of the above eleven values for the differentia] co- 
efficient, A'j, is 1 008, which would give *3 05 as the multiplyinir 


Pio. 3. 


j 

i 




1 

■vw 







sAa^ 

Impure Milphur. 


Pure mlphur. 


factor for S.^. It must be noted, however, that capillaries Kos. 1 
and 2, of diameters 2 and 1’5 mm. approximately, were primarik 
employed for exploratory purposes in connexion with viscou: 
sulphur, and the results are given in order to show that sucb 
capillary tubes are rather wide for accurate work, and the value 
obtained should not be included in any general averages. Ex 
eluding these determinations of A^, the mean of the reraainius 
nine series is 1*03, which gives 2*96 as the average value for j- 
Four of these values of Aj represent, however, comparatively 
small temperature limits, and what is required here is an average 
value of K-^ for the whole range of temperature during whicli 
sulphur remains mobile after melting, that is to say, for the raiiiif 
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115’^ to 160° inclusive. Average values of molecular complexitv 
for this range can be computed from table IV (p. 915). 

These average values for the multiplying factor seem dearlv 
to indicate that it is approximately 3, and therefore a mininiuai 
of 95 per cent, of sulphur between 115° and 160° must have i 
molecular, complexity represented by the formula Sg. If the 
Ramsay and Shield’s method of calculation be invalid, then the 
value of Se, indicated from above results, would be merely a 
coincidence, but, if so, it is a remarkable one. The analogy to 
aggregates of Cg is obvious. 

Pari 11. — Determination of the Molecular Complexity of Fwoo, 
Sulphar. Temperature Range, 160 — 445°, 

It has been already stated that at approximately 160° there 
a sudden increase of viscosity, which, according to Rotinjanz, 
attains a maximum of 52,000 about 190°. The enormous viscosity 
during the earlier part of the temperature range consider^ 
(160° to 220 °) causes difficulty in carrying out the experiment?. 
The time required may be considerable; for example, at 183°, even 
with a tube of 1 mm. diameter, the time taken by the sulphur in 
falling the last 0*5 cm. was more than three hours, and in the case 
of the capillary of radius 0 0331 8 cm., the time taken to fall 0 5 cm, 
was about twenty hours, and the final readings were taken twenty 
five hours after the capillary was raised into position. Presumahiv 
time of fall x l/r^, and therefore only tubes above 0‘02 cm. radiii? 
can be conveniently used for the range 165 — 220°. 

A summary of the results obtained is given in table T 
(p. 916). 

As a preliminary to the consideration of the above results, tlie 
variation of surface tension from melting point to boiling point 
might be represented by a curve in a typical case. Curve Ko. 2 
(Fig. 4, p. 917) shows the relationships graphically, and indicate^ 
that the surface tension as such seems not to be affected by fie 
viscosity, and falls in two confluent phases from melting point te 
boiling point. The remarkable analogy of this curve to that e.y- 
pressing the viriation of density with temperature is evident. 

As reg^ds the molecular complexity of viscous sulphur, con- 
sidering the results for capillaries 3 and 4, which, as previously 
pointed out, are alone valid, the variations of multiplying factor fof 
Sg are between 6’8 and 14'3, which would correspond with Sji sue 
S 28 or 859 respectively. It must be noted, however, that the only 
high values are between 160° and 183*5°, where the variations of 
capillary rise are so small as to be within the limits of error, an<f 
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tberetore, for sulphur of very great viscosity, it would be inadvis- 
able to lay any stress on values calculated for a short range of 
teinporature. One should nevertheless be able to deduce approxim- 
ations for long ranges of temperature, and to decide whether the 
complexity remains nearly unaltered or undergoes distinct varia- 
tion between 160° and 445°, provided that the Ramsay and Shield’s 
method of calculation can be used for extensive ranges. 


Fig. I. 



Temperatun, 

Ippcr curve. [No. 1} shows the variation of ike densU}j nj sulphur with 
temperature. 

Lovoer curve (No. 2) shows ike variation of the swface tension with 
temperature. 

A consi^ration of the values obtained for the following four 
temperature limits should give sufficient material for deduction of 
conclusions: (d) 160° to 211° and 240°, ifi) 240 — 357°, 
357—445°, (/;) 160—445°. 

The molecular complexity for temperature ranges of 80° or more 
varies between S 14 and and for still longer ranges seems to 
approximate to Sjg. Although the above results can only be 



Molecular Complecoity of Viscous Sulphur (S^). 
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regarded as first approximations, the similarity of the values 
obtaiiied seems sufficient to justify the assumption that near 
sulphur polymerises to form a complex Sjg, which remains stable 
up to near the boiling point. The equation representing the 
transformation in the neighbourhood of 160^ would therefore be 
represented by the symbols SSg ^ ( 8 ^) 3 . 

The alteration of orientation of the components of the molecule 
before and during polymerisation, might explain the peculiar 
variations of the coefficient of expansion already referred to. It 
would be easy to represent graphically complexes of S^g, which on 
Llei'omposition near the boiling point might ’be supposed to give 
the aggregates Sg, Sg, and S^, which, according to Preuner and 
Schupp (Zeitsch. physihil. Chem., 1909, 68 , 129), are present in 
i^'aseous sulphur. In particular, their emphasis of the complex Sg 
is in accord with the above results for the liquid state. 

As regards other important researches, it is evident, however, 
that the value Sjg for viscous sulphur (S,, ) cannot be regarded as 
in agreement with the conclusions of Smith and his collaborators, 
or others, who regard S,,. as Sg, but the author has no intention of 
considering fully what might be termed collateral work in this 
paper, as it would mean undue expansion. 

It might perhaps be argued that if polymerisation occurs in the 
neighbourhood of 160°, then above 190° the proportion of S,, found 
by rapid cooling should be constant. This need not necessarily be 
the case, however. The rapidity of the reverse change might be so 
great, even in the presence of substances like sulphur dioxide, . 
which Smith has found to act here as a catalytic retarder, that 
only a small proportion of the complex aggregations could be caught 
and kept as such by cooling in ice; such aggregates would be in a 
drained position at the ordinary temperature. The complex mole- 
cules at high temperatures would be more easily preserved by rapid 
cooling, as there would not be time to alter the greater orientation 
of the atoms in the molecule or of the aggregates of Sg with regard 
to each other. What is called plastic sulphur need not, therefore, 
be so homogeneous as Sjg in the liquid state, but might consist of 
aggregates in slightly different conditions of strain. The poly- 
merisation may depend on the lowering of the valency of sulphur 
with rise of temperature. 


f^titTmination of Surface Temion of Sulphur hy other Observers. 

The results of Zickendraht, Pisati, Capelle, and Rudge might be 
briefly commented on, but only those obtained by the firsf>-nam 6 d 
0 server approximate at any temperature to those given above. 



92U 


KELLAS: THE DETERMINATION OF THE 


Near the melting and boiling points, the values of Zickeiidiaht 
and the author are nearly concordant, but for viscous sulphur the 
results are quite different; for example, at 250° Zickendraht (*!///(. 
i^hyaik, 1906, [iv], 21 , 141) finds a surface tension of 118 dynes 
per cm., as against 50 dynes given in table V. It follows that 
above 160°, Zickendraht's curve showing the variation of surface 
tension with temperature rises and then falls abruptly in a very 
peculiar manner. 

The results of an earlier observer, Pisati ((razzetta, 1877, 7, 357). 
are somewhat similar to those of Zickendraht. His surface-tension 
curves show a corresponding transverse wave. 

A third experimenter, who found that the surface tension of 
sulphur increased with temperature, was Capelle {Bull. Soc. chim., 
1908, [iv], 3, 764), who obtained a small increase of surface tension 
betwUn 125° and 142°, and then a rapid increase between 142'' 
and 160°. A few of the results obtained by Capelle, with 
approximate values calculated from table III, are as follow^s : 


Temperature 

Capillary rise (Capelle), cm,... 
Calculated values, crn 


125 ’. 

135 ^ 

U 2\ 

152 ’. 

\ m \ 

2-08 

2-08 

2-10 

2-50 

2-74 

5'47 

5-39 

5-33 

5-24 

5-18 


It is evident that the curves representing these numbers differ 
both in degree and character. 

Another research, where the presence of dissolved substance- 
interfered, has been already referred to in connexion with angle- 
of contact. Rudge (lor. cit.) stated that he found no change ol 
surface tension with temperature between 122° and 154°, thu!= 
differing entirely from the observers already mentioned. The 
reason for this statement depends on the experimental error 
(0'075 cm.) for one temperature being greater than the variation 
of capillary rise should have been for 30° with the tube used 
(r-0’0515 cm.; compa|e table III). 

The mean value of capillary rise is given as 0-246 cm. at 13d'. 
and the corresponding surface tension 11-56 dynes. The calculated 
values are 1'27 cm. and 59 dynes per cm. approximately. 

The results of the above series of researches indicate conclusively 
that unless sulphur is nearly pure -the author makes no claim to 
have prepared absolutely pure sulphur— no definite values can be 
found for the surface tension. 

The critical temperature can be calculated from the above 

values. +^ + 6°, where t is the temperature of experi- 

A] 

meiit. Two results are obtained, one pertaining to the complex 
Sg, namely, 766°, and the other corresponding with the aggregate 
S|8, namely, 1390°. 
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Other Methoeia of detirmininy Mofecidar Comple^ritff from Surfact 
Teti.i.ion Data, 


Xhe validity of the Ramsay and Shield’s method of calculation 
a means of determining molecular weight has been questioned. 
Xhe values of molecular complexity or of constant (A) obtained 
from specific formulae by a few other methods are summarised 
below. 

( 1 ) The specific cohesion (a-) is 6 8 at 11 9' 4'^, instead of 4' 3 as 
j}reviously given, showing that sulphur does not obey Quincke’s 

law Walden and Dutoit and Moijou give — 17'9 = A''. 

u® X 10'^ 

The value of K for sulphur at 119-4° is 66 , computing A,, as 450. 

y 10 ^ 

(2) Walden and Kistiakowsky state that " -l-162 = 7i. 


J/ for sulphur by this method is 164 3, indicating a molecular 
complexity between 5 and 6 . 

(3) Dutoit and Moijou’s empirical relationship between J/, 
pressure (p) at the boiling point, and a- indicates for sulphur a 
molecular complexity of 6 to 7. 

Ma^ 


(4) Walden states that 


^A” — 3'65, where is the abso- 


lute melting point. Here the formula deduced for the melting 
point is Sc (approximately). 

(j) Walden gives = A" — 13‘3. The molecular formula 
deduced for sulphur would be 854 . 

( 6 ) Longinescu’s method of calculation, i^^dicates a 


formula for for the boiling point. 

(7) Application of Trou ton’s rule, and Dunstan's method of 
calculation from viscosity, seem to point to a high molecular 
complexity. 

All the above methods of calculation indicate considerable 
association. Whilst the complex Sc is apparently corroborated in 
several calculations, yet the Ramsay and Shield’s values seem to 
agree better with the experimental results. 


S innmari/ of V om-J n not t-'<. 

(i) Contrary to statements by various observers, the surface 
tension of liquid sulphur can be determined by means of capillary 
tubes between the melting point (115°) and the boiling point 
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(445°). Impurities (especially sulphuric acid, sulphur dioxide, aud 
hydrogen sulphide) must be previously removed. 

(2) Sulphur can be purified by distillation and subsequent boil- 
ing in dry nitrogen, the gases evolved being pumped off. 

(3) Surface Tension of Mobile Sul'phur (115 160°), S^.^A 

mean value for five capillary tubes gave surface tensions of 60'4t) 
and 56' 38 dynes, respectively, for 119-4° and 156°, the correspond- 
ing molecular surface energies being 653’4 and 615'9 ergs. The 
corresponding value of is 1*02, and the average multiplying 
factor for Sg is 2-996 (approximately 3). 

(4) The molecular complexity of at least 95 per cent, of mobile 
sulphur (S,) between 115° and 160° is presumably represented by 
the formula Sg, assuming the validity of the Ramsay and Shield s 
method of calculation. 

(5) The angle of contact of sulphur and glass is taken as zero 
for reasons assigned. 

(6) Surface Tension of Viscous Sulphur (160—445°), S^.— In 
disagreement with the results observed by other observers, the 
surface tension of sulphur falls continuously from the melting 
point to boiling point, being 48-2 dynes at 280° and 39’4 dynes 
at 445°. 

(7) The molecular complexity alters about 160°, and it might 
be stated as a first approximation that an endothermic termolecnlar 
polymerisation appears to occur near that temperature, 
3Sg ^ (Sg)g. The aggregate seems to be stable up to near 
the boiling point. 

(8) The polymerisation may be due to a tendency of sulphur to 
lower its valency with rise of temperature, the complex Sg possess- 
ing a residual valency at 160°. • 

(9) Other methods of calculation of molecular complexity seem 
to emphasise the aggregate Sg, but the results do not seem to accord 
with experimental averages so well as those of the Ramsay and 
Shield's method. 

(10) Calculations of critical temperature give two variant values 
depending on temperature of calculation. Above 160°, the value 
found is 1390°, corresponding with the complex Sig. Below 160^ 
the inadmissible value of 766° is obtained, corresponding with Sg. 

Chemical Dbpabtment, 

Middlesex Hospital College, London, W. 

{Receivedf Avgust 28^A, 1918.] 
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LXXXIV . — The Freezing Points of Mixtm'es of Phenol^ 
o-Cresol^ xi\-Gresol^ and i^-Cresol. 

By Harry Medforth Dawson and Christopher Archibald 
Mountford. 

Iji connexion with some experiments wliich were undertaken with 
the object of devising a method for the estimation of the residual 
phenol in commercial cresylic acids, the authors were led to the 
consideration of the question of the application of physical methods 
iti the analysis of mixtures of chemically similar substances such 
as are presented by mixtures of phenol and its homolc^u'es. 

Although, in general, homologous substances can be separated 
by fractional distillation, this method is less widely applicable to 
the separation of isomerides. The tar acids obtained by the dis- 
tillation of coal consist for the most part of phenol, cresols, and 
xylenols, and on the basis of the boiling-point differences it is 
possible to separate the complex mixture of tar acids into fractions 
which consist for the most part of (1) phenol, (2) o-cresol, 
( 3 ) m-cresol and p-cresol, ( 4 ) xylenols, etc. 

In the absence of any large demand for pure cresol fractions, 
commercial fractionation is usually limited to the production of 
distillates rich in phenol, from which carbolic crystals may be 
obtained by crystallisation, and of fractions of higher boiling point 
containing little phenol and consisting mainly of the three cresols 
mixed with xylenols. The efficiency of commercial fractionating 
plants varies very considerably, and although it has been found 
possible to realise the above series of fractions by the use of suit- 
able fractionating columns, this result has not been generally 
aimed at and is by no means frequently attained. Mixtures of 
phenol and its homologues are therefore not only met with in the 
course of the complex fractionation processes, which are not in- 
frequently regarded as being of the nature of trade secrets, but 
appear also as the finished products of the tar distiller. 

Such products offer an interesting analytical problem, and the 
authors have had in mind the application of their results to this 
problem in proceeding to the investigation of the quaternary 
system having phenol and the three isomeric cresols as its com- 
ponents. 

The fact that three of these components are isomerides and 
homologous with the fourth involves not only a cl(»e correspond- 
ence in their chemical behaviour, but also a degree of approxim- 
ation in their physical properties that narrows very considerably 



924 DA WSON AND MODNTFOBD : THE EREEZINO POINTS OP 

the foundation on which a method for the estimation of the several 
components in any given mixture may be built up. 

Preliminary experiments showed that the freezing-point relations 
were likely to be of the greatest value in connexion with the 
analytical problem, and for this reason we have made a detailed 
examination of the freezing points of the six possible binary com- 
binations, as well as of certain ternary and quaternary mixtures.* 

The phenol and cresols used in the investigation were purified 
by distillation and crystallisation. The phenol was obtained from 
a commercial sample of carbolic crystals, whilst the m-cresol and 
/?-cresol were synthetic products. In the case of o-cresol, observa- 
tions were made in part with a purified commercial sample and 
in part with a substance of synthetic origin. The hygroscopic 
nature of all four substances demands the utmost care in manipula- 
tion, ai>^ special precautions were taken to eliminate the last trace;; 
of water from all the materials which were used in the freezing 
point determinations. For the removal of water, it was found 
most convenient to heat the substance in a retort for two or three 
hours, the supply of heat being regulated so that, during thh 
time, from 5 to 10 per cent, of the substance distilled over. The 
residual liquid was then immediately transferred to a dry, well- 
stoppered bottle. 

The actual data which are recorded in the paper represent the 
results of observations of the lowest temperatures at which the 
various mixtures undergo complete liquefaction. Weighed quanti- 
ties of the components were introduced into glass tubes about 
10 cm. long and 1 cm. in diameter, the tubes being carefully 
sealed with due regard for the necessity of avoiding the introduc- 
tion of water vapour during the process. A preliminary and 
approximate determination of the temperature of complete lique- 
faction was then made, after which the mixture was again solidified 
and the melting-point tube attached diametrically to a rotatin;: 
wheel supported in a large water-bath, the temperature of which 
could be raised very slowly. During this process, the contents of 
the tube were thoroughly mixed and the temperature at which the 

* Since this pap er was submitted to the Chemical Society, a communication 
on the same subject has been published by Fox and Barker ( J. Soc. CheM. hd- 
1918, 37, 268). The results obtained by these observers differ very consider- 
ably from those recorded in the present paper. The discrepancies would 
appear to be mainly due to the circumstance that the workers in the Govern- 
ment laboratory have made use of a method for the determination of the 
freezing points which does not give satisfactory results for many of the 
mixtures examined, whilst it would seem that the substance they have 
assumed to be pure m-cresol consists of a mixture of about 85 per cent, of 
m-cresol and 15 per cent, of p-cresol. 
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1^4 crystals disappeared was registered. In virtue of the pre- 
nieasurenient, it was possible to set the temperature of 
t)ie water-bath about 1 — below the teiu[)er:iliiie to be measured, 
aiul to adjust the heat supply so that the temi}erature rose very 
slowly* In the case of the mixtures of higher melting point, the 
temperature of complete liquefaction co\ild be determined in this 
\vav within ±0 05°, but at the lowest temperatures the precision 
of the measurements was not quite so great. The temperature.^ 
at which liquefaction is complete correspond with those at which 
crystallisation of the liquid would begin in the absence of super- 
cooling, and in what follows these ^temperatures will he referred to 
as freezing points. It should be mentioned that the crystallisation 
of certain mixtures does not occur at all readily. This is particu- 
larly noticeable in the case of mixtures which contain a large 
proportion of tn- or p-cresol, and inoculation of the supercooled 
liquids was occasionally found to be necessary to start crystal- 
tbation. 

Before proceeding to give the results of our experiments, it may 
be appropriate to refer Uj the considerable discrepancies between 
the values recorded for the melting point of phenol and the cresols 
ill the literature. We have made no attempt to reconcile these 
divergent numbers, and the freezing-point data recorded in this 
paper are not put forward with any suggestion that the phenols 
were absolutely pure, although all reasonable precautions were 
taken in regard to their purification. 

In reference to the tables in which the experimental data are 
recorded, it may be noted that the composition of those binary 
!iu.xtures which contain phenol is expressed in terms of both weight 
percentage and molecular percentage. For mixtures of cresols, 


Table I. 




Pheno] 

(nuJ o-Crcso/. 



Weight 

Mol. 


Weight 

Mol. 


per cent. 

per cent. 


per cent. 

per cent. 


eresol. 

eresot. 

F. p. 

eresol. 

eresol. 

' F. p. 

0 

0 

40-.5° 

36-90 

33-78 

19-7“ 

900 

7-93 

35-8 

39-43 

30-10 

19-9 

U-72 

13-00 

32-0 

42-47 

39-12 

19-85 

15-82 

U-OO 

32-05 

46-10 

42-08 

19-85 

21-40 

19-22 

28-7 

48-81 

45-35 

19-95 

24-54 

22-00 

27-05 

58-63 

.5.5-23 

20-75 

28-28 

25-55 

24-65 

09-70 

66-69 

22-5 

90-09 

27-82 

23-1 

- 75-75 

73-11 

24-05 

.9 1-84 

28-9 

23-0 

80-00 

77-09 

24-85 

34-27 

31-21 

21-15 

86-93 

85-11 

26-7 

34-54 

31-47 

21-2 

91-41 

90-25 

27-95 

30-00 

32-87 

20-55 

100 

100 

30-45 
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the two series are, of course, identical. In the frsezing-poiu^ 
fliagrams which have been constructed from the experimental data 
the composition of the mixtures is plotted in terms of th© molecular 
percentage. 

The freezing-point curves for mixtures of phenol and o-creso) 
(upper curve in Fig. 1) appear to consist of two branches corre- 


Fig, 1, 

Phenol and o-creaol, 
o-Cresol and m-cresol. 



Molecidar percentage oj o-cresol {tipper curve), 
„ „ „ m-creaol {lower curve). 


spending with two series of mixed crystals. Starting from the 
eutectic, the o-cresol branch shows very little change in the freeziui 
point up to about 50 mols. per cent, of o-cresoI, and for this reason 
it is scarcely permissible to deny the possibility that there is an 
intermediate branch corresponding with a compound. There is, 
however, no clear evidence of compound formation in the case oi 
this particular binary combination. 
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Table II. 

Phenol and vn-CTeml. 


Weight 
j>er cent, 
cresol. 

Mol. 

per cent, 
cresol. 

F. p. 

Weight 
per cent, 
cresol. 

JIol. 

per cent, 
cresol. 

F. p. 

0 

0 

40-5" 

61-93 

58-59 

25-05' 

11-73 

10-32 

35-4 

70-35 

67-24 

25-8 

16-26 

14-35 

33-55 

74-36 

71-62 

25-25 

24-33 

21-75 

39-95 

79-72 

77-37 

24-2 

29-83 

26-96 

27-4 

81-94 

79-80 

23-1 

39-»8 

36-66 

22-8 

87-54 

85-92 

19-5 

43-44 

40-00 

21-1 

91-52 

90-37 

15-2 

48-37 

44-92 

21-6 

93-72 

92*85 

11-2 

56-54 

53-07 

24-0 

95-89 

95-31 

7-6 

60-40 

57-01 

24-95 

100 

100 

10-0 


Fig. 2. 

Phenol and m-cresol, 
Q-C resol and 'p-cresol. 



0 10 20 aO 40 50 60 70 SO 90 100 


Molecular percentage of m cresol (I). 

,t »» »> o rre,9ol {II}. 

The freezing-point curves for inixtures of phenol and m-cresol 
'fe Fig, 2, curve I) are well defined, and show clearly the form- 
tiou of a compound containing one molecule of phenol in com- 
ioatiou with two molecules of w-cresoh The flatness of the curve 
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suggests that the compound is very considerably dissociated in the 
liquid state. The compound melts at about 25*9'^, and the eutectic 
mixtures which are characteristic of this binary system correspond 
with 44 ’8 and 95 '2 per cent, by weight of w-cresol, the correspond, 
ing temperatures being 20’2'^ and 7'3°. 


Table III. 


Phtno!, and p-Cr^so?. 


Weight 
per cent, 
cresol. 

Mol. 

per cent, 
cresol. 

¥. p. 

Weight 
per cent, 
cresol. 

Mol. 

per cent, 
cresol. 

F. p. 

0 

0 

40-5° 

53-90 

50-45 

0-1° 

12-50 

11-06 

32-35 

57-50 

54-06 

0-75 

20- 04 

18-00 

26-8 

60-55 

57-17 

0-8 

24-50 

2202 

23-9 

62-88 

59-59 

4-65 

29-07 

26-27 

19-6 

68-18 

65-10 

10-0 

33-76 

30-75 

15-25 

76-27 

73-67 

16-55 

38-21 

34-92 

11-05 

79-60 

77-25 

19-5 

42- 45 

43- 22 

39-07 

6-65 

83-63 

81-64 

22-3 

39-83 

4-9 

84-17 

82-23 

22-75 

45-11 

41-70 

2-5 

91-47 

90-32 

28-15 

47-37 

43-93 

0-2 

96-06 

95-49 

31-2 

49-77 

46-33 

1-4 

100 

100 

34’ 15 


The curve system for mixtures of phenol and p-cresol (tig J 
affords evidence of the formation of a compound which cryslallive- 
at low temperatures from a limited range of mixtures. Althoud 
the freezing-point curve corresponding with the compound has iiu 
been determined with the desired precision, it seems probable tha 
the compound contains one molecule of phenol in combination ivni 
two molecules of ^/-cresol, and that the coriesponding cui\e i. 
terminated by a eutectic point on the phenol side, and by a traiw- 
tion point on the p-cresol side. The compound crystallises ouK 
from mixtures which contain phenol in excess of that proportic. 
which is characteristic of the compound itself. 

The freezing points of mixtures of phenol and p-cresol have tet:- 
previously investigated by Lunge and Zschokke {Vhnn. 

1885, 6; Lunge, “Coal Tar and Ammonia," 5th edition. Tart 1 . 
1916, 277), and from the results obtained, these authors drc^v 1*? 
conclusion that there are only two curves which meet in a eutecW 
point. Fox and Barker (■/. Sor. ('hew. hid., 1917, 36, 84-), 
out recording their experimental data, claim to have obtaine> t.r 
same result f In regard to this discrepancy, we would iionit oiu 
that our experimental numbers differ very widely from 
Lunge and Zschokke in the case of mixtures which contaiii ^ 
excess of phenol, and there can be no doubt whatever that 
measurements of these authors invQlve errors of large niacin 
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On iKe other hand, if the data recorded by Liiiige and Zschokke 
are plotted, the distribution of the points is such as to suggest the 
of an intermediate freezing-point curve, although these 


Fig. 

Ph'^nol and p-cresol. 



authors interpreted these data in favour of a curve system con- 
dsting of two branches. 


Table IV. 


o-CtCj<(}J aud wvC rc.'^fd . 


Per cent, 
w-cresol. 

F. p. 

Per cent, 
/^-cresol. 

I. p. 

0 

30-45'^ 

62-80 

()-;V 

l‘t74 

23-gr, 

60-28 

1-8 

21 -fig 

20-00 

74-39 

4-6 

31-31 

]4-0 

78-69 

3-6 

38-7.') 

g-'i 

83-2.1 

1-7 

41-64 

8-r> 

88-02 

4-3 

43-68 

8-3 

93-39 

6-0 

50-64 

7-9 

100 

10-0 

56-14 

7-6 
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The diagrammatic representation of the data obtained for 
tures of o-cresol and w-cresol (lower curve in Fig. 1) points to the 
formation of a compound containing two molecules of o-cresol jg 
combination with one molecule of m-cresol. The curve correspond 
ing with the compound ends on the o-cresol side in a transition 
point at 8 '5° and about 40 per cent, of w-cresol, whilst on the 
m-cresol side the compound curve terminates in the eutectic at 
I'S*^ and 83' 7 per cent, of m-cresol. 


Table V. 



Q-Creml and 



i’or cent. 


Per cent. 


j;;-crosol. 

F. p. 

p-eresol. 

F. ]>. 

0 

30-45'’ 

Gl-02 

8-5° 

0-94 

25-3 

62-76 

8-6 

17-91 

20-85 

66-70 

8-7 

24-27 

17-2 

67-88 

9-8 

30-40 

13-0 

68-40 

10-3 

34-01 

10-1 

70-99 

12-6 

39-36 

6-5 

71*84 

13-6 

41*42 

4-4 

72*60 

14-1 

44-41 

2-5 

78-44 

18-9 

47-11 

4-6 

87-00 

25-3 

49-42 

5-5 

91-70 

28-45 

51-17 

6-4 

100 

34-15 

54-04 

7-0 




According to the diagram showing the relation between the 
freezing points of mixtures of o-cresol and ^-cresol (see Fig, It 
curve II), it is evident that chemical combination occurs with llic 
formation of a compound containing one molecule of o-cresol and 
two molecules of yj-cresol. The curve for the compound terminates 
on the o-cresol side in a eutectic point at and 43' 7 per cent, of 
^MU'esol, and intersects the /;-cresol curve at a point which corre- 
sponds very nearly with the composition of the compound. Tlie 
plot of the experimental results does not permit of any defuiik 
statement with respect to the nature of the point of intersection. 


Table VI. 


nx-Gre^ol and p-OresoL 


Per cent, 
^-creaol. 

F. p. 

Per cent, 
p-creaol. 

F. p. 

0 ■ 

10-0'* 

41-22 

8-8'’ 

5-10 

6-7 

47-99 

7-4 

6-74 

5-4 

56-39 

2-4 

9-13 

4-4 

60-38 

4-2 

13-40 

3-5 

68-41 

11-0 

16-60 

5-6 

77-03 

18-0 

23-48 

8-2 

88-39 

26-5 

28-41 

9-2 

100 

34-15 

35-71 

9-5 
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but it is evident that the melting point of the compound is 
approximately 8-7°. 

The freezing-point diagram for this pair of isomerides (Fig. 4) 
shows clearly the formation of a compound containing two mole- 
cules of m-cresol and one molecule of ^cresol. The relations ex- 
hibited resemble closely those which are shown by mixtures of 
;n-cresol and phenol, and the compounds formed in the two cases 
contain the same proportion of m-cresol. The compound curve is 
terininated on the m-cresol side by the eutectic at and 12 0 


Fig. 4. 

m-Cresol and ^-crcsol. 



per cent, of p-cresol, and on the p cresot side by the eutectic at 
and 57 0 per cent, of p-cresol. 

Although the diagrams which have been described afford a 
general survey of the equilibrium relations in the several binary 
systems, it is of interest to compare the changes which are pro- 
fluced in the freezing point of each of the four components when 
the three others are separately added. In making this comparison, 
it is more convenient to express the composition in terms of weight 
percentage. The advantage attaching to the weight percentage 
freezing-point curves is obvious when it comes to the application 
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of the freezing-point relations, and it need only be pointed out that 
when phenol is one of the two components, the curves in question 
will be slightly different from those shown in Figs. 1, 2, and 3. 

Depression of the Ffeezing of Fhetiol by the Addition oj 

0 -, m-, a?}d i^-Cresol. 

The depression of the freezing point of phenol produced by a 
given weight of cresol varies considerably according to the relative 
position of the methyl and hydroxyl groups in the cresol molecule. 
This is evident from the numbers in the following table (Vlp. 
which gives the freezing points of phenol-cresol mixtures contant- 
ing 10, 15, 20, 25, 30, 35, pnd 40 per cent, by weight of o-cresol, 
??i-creso], and ^^cresol respectively. The table shows that m-emo] 
produces the least effect and /i-cresol the greatest. 

According to Eykman’s observations {Zedsrh, physikat. Chfm., 
1899, 4 , 497), the molecular value of the depression of the freez- 
ing point of phenol which is produced by the addition of p^^re^ol 
is appreciably less than the value calculated from van t Hoff « 
formula, and also less than the average depression for a lar|;e 
number of different substances. It would seem, therefore, that 
solid solutions in phenol are formed by all three cresols, although 
the tendency to form these solutions increases considerably in pa=>s- 
ing from p-cresol to o-cresol and from o-cresol to ?»-cresol. O^i 
account of the divergence between the three freezing-point curves, 
it is impossible to make use of the freezing point of a phenol-cresol 
mixture for the estimation of the proportion of phenol present 
unless the nature of the admixed cresol is known.^ 

The table in question also shows the results which have been 
obtained in the investigation of the effects produced by the addi- 
tion of mixed cresols, and more particularly of mixed cresols con 
taining only 7 //-cresol and 7 >cresol. The numbers have been inter 
jmlated from curves representing the actual freezing-point datfl, 


Table VIL 


Ffeeziny Pornfa of Phenol-Cvesol Mixivfes. 



10 

15 


per 

per 

Nature of added 

cent. 

cent. 

cresol. 

cresol. 

cresol. 

m-Cresol 

36-2° 

34-0“ 

o-Cresol 

35-1 

32-4 

Cresol 

33-8 

30-4 

m- 4- p-Cresol = 2 : 1 

3.V1 

32-4 

m- 4- p-Cresol= 1 : 1 

34-7 

31-75 

w- -i- p-Cresol^l : 2 
+ p-Cresol = 

34-3 

31-2 

1:1:1 

34-9 

32-1 


20 

25 

30 

35 

40 

per 

per 

per 

per 

pPT 

cent. 

cent. 

cent. 

cent. 

cent, 

cresol. 

cresol. 

cresol. 

cresol . 

cresol. 

31-8'’ 

29-6" 

27-3° 

250° 

22-C’ 

29-6 

26-75 

23-75 

— 


26-8 

23-1 

19-0 

14-4 

95 

29-6 

26-75 

23-75 

20-75 

17-5 

28-7 

25-5 

22-1 

18-6 

14'9 

28-0 

24-6 

20-9 

17-1 

13’0 

29-1 

26-1 

23-0 

19-9 

)66 
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With regard to the change produced in the freezing point of 
jilieiiol by the addition of a mixture of ?7i'Cresol and ;y-cresol, the 
table shows th^t the freezing point falls continuously as the pro- 
v,ortion of the para-isomeride in the nuxed cresol increases. The 
^,b»erved freezing points are, however, lower than those calculated 
from the separate effects produced by ?» cresol and p-cresol on the 
bads of the simple mixture rule. For mixtures which contain a 
jlxed proportion of phenol (60 to 80 per cent.), the variation of 
the freezing point with the composition of the admixed cresol is 
g] ^tich magnitude that the freezing point of such mixtures may 
be cmiveniently utilised in the estimation of w?-cresol and /Miresol 
ip. their mixtures and in the evaluation of commercial '' meta- 

iie^oL’ 

The change in the freezing point of pheiiol which is produced 
bv the addition of a mixture of o-, m-, and /Kiresol in equal pro- 
portions is slightly greater than that produced by the same 
(juantity of o-cresol. The effect produced by o-cresol is within very 
narrow limits the same as that ])roduced by a mixture of ?«-cresol 
and /j-cresol in the proportion 2:1. 


Lii'irrinr/ of the Freezing Point of o-Crei>ol on the AdtHiion of 
Phenol, vn-Creiiol, and p-fbcW, 

The weight percentage freezing-point curves show that equal 
iiiantities of phenol, m-cresol, and p-cresol lower the freezing 
Joint of o-cresol to different extents. The largest depression is 
irodnced liy ;/-cresol, but the influence of v^f-cresol is not very 
iifferent. On the other hand, the depression produced by the 
aiiie weight of phenol is very much smaller, and this difference is 
probably due to the greater tendency of phenol to crystallise out 
-vith the o-cresol in the form of solid solutions. Table VIII affords 
1 comparison of the freezing points of mixtures which contain 
'(|ual weights of phenol, 7/f-cresol, and ^^cresol respectively; the 
numbers have been obtained by extrapolation from the correspond- 
III [: ourves. 

Tadle VIII. 

Weight per cent, of solute. 

10 20 30 


Nature of solute. per cent, per cent, per cent. 

Phenol 27-6" 24-95® 22-6® 

m-Crcsol 25-8 20-8 15-4 

p-Cresol 25-2 19-6 13-2 
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Lowering of the Freezing Point of m-Cresd on the Additional 
Phenol, o-Cresol, and i>Cresol. 

The three curves which represent the depression of the freezioj 
point of m-creeol on the addition of phenol, o-cresol, and 
are characterised by their relatively short extensron In the ca* 
where phenol is added, the limit is reached when the mixture «. 
tains less than 5 per cent, of phenol. In consequence ®a|| 

amount of pure m-cresol at our disposal and of the difficulty „ 
measuring the freezing points with the 

curves have not been examined in any detail. Although, there- 
fore, further observations are required in order to determine tl, 
relative slopes of the curves, it seems probable that the freeaa, 
point of m-cresol is depressed to a greater extent by p-cresol tha, 
by the same quantity of o-cresol. 

Lowering of the Freezing Pomt of ^-Cresol on the Add,tm, ,.j 
Phenol, o-Cresol, ami m-Gresol. 

The behaviour of j^resol a, solvent is of particular interest h 
reason of the fact that its freezing point is depressed to alin« 
Txactly the same extent by equal weights of either phenol, <,-cre«, 
oriiresol. In this respect, jecresol differs notably from phe» 
and o-cresol. The three freezing-point curves 
Se ra^e, the shortest extending to a point at which the 
ture is aLut 26<^ below the freezing pomt of pure j^cresol. Smi 

the weight percentage freezing-point curves are approx.mato 
Jentril it follows that the frrezing point of a mixture contan 
ail 0 ^ 0 ; of p-cresol affords a direct measure of the pnipoii.a 
of p-cresol in the mixture. 

Siimmaiy and Discuss'ton. 

TK. 

mixtures are allowed to crystallise. . ■ jp excfs. 

In the case of binary mixtures which tendency" 

the behaviour of the three cresols suggests that the t d y 

... 
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able that solid solution formation is very limited when mixtures 
,'oiitainiiig an excess of /;-cresol are allowed to crystalline. The 
POsitiOJi ol o-crpsol as solvent is intermediat-e, in that //i-cresol and 
^.cresol as solutes show only a limited tendency to crystallise out 
with the o-cresol, whilst phenol separates out with the o-cresol in 
oonsiderable quantities. 

The fact that five out of the six binary .ystems afford evidence 
of {he formation of definite compounds is rather remarkable in 
view of the close chemical similarity of the compoiiejits. Accord- 
ing to results obtained by Kendall and his co-workers (compare 
j.Amen Ghrm, Soc., 1917, 39 , 2303, and previous papers) in 
,he investigation of the formation of additive compounds of various 
types of organic substances, it would appear that the formation of 
such coiii pounds is in large measure determined by the difference 
in the basic or acid character of the components, The greater 
this difference, the greater the tendency to form additive com- 
pounds and the more stable the compounds which are formed. In 
the group of substances which we have examined, the differences 
ill question are extremely small, and the relations disclosed by the 
freezing-point diagrams are consequently not in accord with what 
would have been anticipated on the basis of the views advocated 
by Kendall. 

Physical Chemistry Laboratory, 

The University, 

Leeds. [ Rfcnvcd , Augufit 21 th , 191 8. j 


jIXXW — T he Estimation of Phenol and the Three 
Isomeric Cresols in Mixtures of these Substances. 

Ry Harry Medforth Dawson and Christopher Archibald 
Mountford. 

X the preceding paper, the authors have desmdbed the freezing- 
'Oint diagrams for the six possible pairs of substances which 
■furespond with the quaternary system phenol, o-crcsol, w-cresol, 
‘lid yi-cresol. The relations exhibited by the diagrams suggest 
•lat tlie determination of the freezing point may prove to be of 
■fuisiderable value in the analysis of mixtures of these substances. 

The value of the freezing-point measurement has long been 
■^fogiiised in connexion with the grading of commercial carbolic 
‘dds. It forms the basis of the widely used empirical metlicxl 

cxni. 0 0 
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described by Lowe for the standardisation and specification oi 
coal-tar earbolics, and this method may, in fact be used for tk 
approximate estimation of phenol in commerc.al products wl„,i, 
contain a sufficiently large proportion of phenol. 

In recent years, the question of the estimation of phenol m tjt 
acids has received considerable attention. Methods depending 
freezing-point observations have been descnb^ f 

FrankUn. Imt., 1912, 683; compare also J. *7' 

9 569) and by Masse and Leroux {Compt. 163 , 361 1 . 

and a distinct advance in the application of the freezing-poim 
method to the estimation of phenol in commercial carbolic a,, J 
cresylic acids has been made by Fox and Ba^r (J. Foe C m, 
Ind. 1917 36, 842; compare also ibid., 1918, 37, 265), ivW 
method involves the production by distillation of a mixture iii 
which the phenol is associated only with o-cresol 

In attempting to determine completely the composition of mix- 
tures containing phenol and the three cresols, we are concerned rtk 
a problem which is much wider in scope than that presented by th 
estimation of the phenol content. The four substances concerr^ 
give rise to six groups of binary mixtures, fou^ ‘-“7 

Lxtures, and the quaternary mixture in which a\\ four aie pn 
gent Theoretically, these various groups are of equal mterM 
and importance, but a distinction can readily be made when k 
practice of the tar industry is considered. The separation of t» 
Lmologues is based on differences in boiling point and fractal 
distillation tends to eliminate the constituents in the order of the 
respective boiling points, For the four substances with which « 
are concerned, the approximate boiling points are: phenol h.. 
o-cre,ol 192°, m-cresol 202°, yrcresol 202°. According to th« 
data it is evident that a binary mixture such as phenol 
m-cr«ol or a ternary mixture such as phenol, o-cresol and 
will never' be met with in works practice, and in this way r > 
possible to reduce the eleven possible groups of mixtures do». ^ 
our which are of practical importance. These consist of the t. 
£ary series of mixtures with phenol and onresol. or 
and ^resol as component, the ternary series containing o-cr . 
m-cresol, and p-cresol, and the quaternary aeries ^ 

In reference to the application of physical methods J 
analysis of liquid mixtures, it may be noted that • , 

present Uttle difficulty. In the case of tern^ay mixtur^, p J- 
Lta are much more difficult to interpret, under certa. 
ditions it is possible to arrive at the composition of such 
without resort to chemical analysis. The application o h 
methods of separation would seem to be almost a nec , . 
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mixtures of greater complexity have to be dealt with. In the 
four substances with which w'e are immediately cou- 
t-eriieol, the chemical properties are so siiuilar that it has not yet 
possible to devise a chemical methcxl which is applicable to 
the general case of the quaternary mixture, and for this reason 
jbe attempt to solve the problem by the application of physical 
methods is of particular interest. 

Before proceeding to describe the methods which we have devised 
for the analysis of the four groups of mixtures referred to above, 
it will be convenient to tabulate the values of certain physical 
properties. 

Table I. 


Property. Plienol, 

Density 1-0710 

Freezing point 41*0“ 

Boiling point (760 mm.) 182-2° 

Refractive index (40°) ... — 

Viscosity », (25°) 0-0883 

Solubility in water (20°), per 

cent 8-5 

Ionisation conatanb /C-IO^'' (25°) 1-15 


o-Cresol, 

1-0415 

30-45° 

101 - 8 ° 

1- 53710 
0-0762 

2 - 8 
0-63 


7JI-C resol. 
1 0295 
10 - 0 ° 
202 - 1 ° 

1- 53322 
0-1240 

2- 3 
098 


p-Cresol, 

1-0295 

34-15° 

202-5“ 

1- 53187 
0-1413 

2 - 0 
0-67 


The densities and freezing points given in the table are our own 
values, which in some cases differ appreciably from numbers 
recorded in the literature. For instance, the freezing point of 
k-cresol is about 6° higher than the values previously given. The 
wiling points and refractive indices are taken from Fox and 
Barker’s paper (?oc. cit,), the viscosities are values interpolated 
irom Bramley s measurements (T., 1916, 109 , 434), the solubili- 
:ips are those recorded by Sidgwick, Spurrell, and Davies (T., 1915 
107, 1202), and the ionisation constants those given by Boyd (T., 
1915, 107 , 1538). The differences shown by the cresols are not 
fery large, but in certain oases they are sufficient to afford pre- 
liminary information of considerable value. 

: In proceeding to consider the four technically important groups 
pf mixtures, it will be convenient to deal in the first place with 
pe binary mixtures. 


I. Andysis of Mixtures of Phenol and o-f7rcsof. 

*T1i 6 densities of phenol and o-cresol are sufficiently different to 
of the density being used in the evaluation of mixtures of 
‘«5e substances. Although admixture is accompanied by a slight 
mtraction, which amounts to about 0 033 per cent, in the case 
tile 50 per cent, mixture, the composition of any mixture may 
^ calculated from its density by application of the simple mix- 

0 o 2 
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ture rule. On account of the divergent values which are rerordp. 
ill the literature for the (lensity of o-crcsol, it does nut at pixM-]' 
seem ])ossible, however, to recommend the density fur this 
exKcepb as a means of providing prelhn inary infonnation. In 
circumstance^, more satisfactory results would seem to be obtaine,: 
by the freezing-point inetliod. 

By inspection of the freezing-point curves for mixtures of pheiifi 
and u-cresol, it will be observer! that the slope of the phenol brand 
is much steeper than that of the fi-cresol branch, and also that tb 
change in freezing point is very small for a certain range of ijijx. 
tures. The greater slope of the phenol curve siguiftes a grcaiej 
sensitiveness of the freezing point to change in composition wten 
the mixture contains an excess of })henol, and the flat portifi!. 
indicates that, the composition of mixtures which contain more 
about 30 and less than about 70 per cent, of o-cresol camud k 
estimated directly by the freezing-point method. 

Jlavijig regard to these facts, the examination of an unkiiowi: 
mixture, A', may advantageously begin with the measurement {,• 
its density. If the mixture contains phenol or o-cresol in ((.ii!- 
siderable excess >l'06l or <i‘050), the composition mav It 
derluced directly from the freezing j)oiut of A", the phenol brand 
being used for the mixtures of higher density and the /mn.! 
branch for those falling within the lower range. If the ileibk; 
lies between the above limits, A should be mixed with a kiuiw; 
pro])ortion of standard phenol (m. ]). 40 -0°), so as to raise tl? 
density of the resulting mixture, T, above I’OGl. The freezk, 
point of T is then measured. Assuming that a parts of A sit 
mixed with 100 -u parts of phenol, and that this mixture, Y.m 
tains, according to the freezing-point measurement, ^ per ceid. c 
phenol, then the percentage of j)henol in A is given by the e(i!:s- 
tion - 100 + a)100 /o. 

Ill table II vve give the freezing points of mixtures rich in pl’.m! 
or in o-cresol from which the composition of any such iiii.'Uni- 
may be derived. 

Table II. 

Weight per cent. 


phenol 100 0r> 90 85 80 75 7' 

Freezing point 40-r)'^ 37-9° 35'2'^ 32-4° 29-5*^ 26'y" 

Weight per cent, _ I 

o-cresul 100 95 90 85 80 75 7ii 

Freezing point 30-45® 29-0® 27-6® 2G-2o® 24-95® 23-7® 


/ample. — A' — 48'0 per cent, phenol, 52'0 per cent. u-cre?oL 
T = 40*4 per cent. A 4- 59*6 per cent, phenol, freezing 
28’8°. Per cent. ])henol in Y = 78'7, whence per cent, pl>p- 
in A = 47'3. 
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TI, Anal^.<is of Mit fitrcs of ni-Crc<oJ and p-Crf-so/. 

Bv letereiice to table I, it is evident that the diiTerences hetweeu 
t,p physical properties of liquid »f- and j^oresol are very small. 
Greater differences are found in tlipir cheniirai behaviour, and 
Uschifi.' (Zeitsch. anr/eir. C/icm., 1900, 14 . 759) has described a 
itration method which is said to alTord a means of estimating 
v-cresol in mixtures which contain all three cresol'^ The claim 
hat the yi&ld. of trinitrch///,-cresol is independent of the proportions 
I and p-cresol in the mixture is not supported by the results 
diicli we have obtained, 

A further chemical method, described l)y Dit/. and Cedivoda 
(itif/eir. Chcm., 1899, 13 , 873, 879), is based on the greater 
iruttiine absorbing capacity of //j-cresol as compared with that of 
ccresol and p-creso1, but it does uot seem to have been established 
hat trustworthy results can be obtained in this way. 

It the freezing-point diagram for inixtnres of /yoci’cso! and 
■K-resol (Fig. 4 of preceding paper) is examined, it will be observed 
hat the p*cresol curve extends over a considerable range, and that 
he curve is such that small changes in com posit ion have a con- 
iiiterable influence on the freezing ])oiut. The yi cresol curve is 
ia'ordiiigly well adapted for use in the estimation of //-cresol in 
rixlures of m- and yj-cresol. Tn applying the freezing-point 
iidliod. the mixture X may advantageously be mixed with a 
iiiowii proportion of pure /^cresol and the fi^eziiig ])oint of the 
rouliiug mixture, F, determined. The ratio .V : yecresol = 1 : 2 
Hill be found most generally convenient. From the freezing point, 
iiie percentage of y^-cresol may then he read off from the curve 
lliioh corresponds with the numbers in table III, ami the per- 
Iciitage of /Acresol in A' calculated as previously described. 

Table III, 

V'f, ///_(/ Vointa of iu A didi.i f n'ith m-(fns<d, 

or riienol. 

■t resol, por cent. ... 100 95 90 85 SO "5 70 05 

rooziiig point 34-15" 30-7'’ 27-2" 23-6" 20-0" l6-3° 12-3" 7-8" 

If the freezing point of mixture Y is higher than about 25°, X 
<iy be mixed with a smaller proportion of />-cre.'^ol, and the freez- 
2 point measurement repeated. 

An alternative freezing-])oint method for the eslimation of the 
■'Jjtortions of m-cresol and yj-cresol in a mixture of the two has 
leady been referred to in the preceding paper. In the applica- 
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tion of this method, the mixture X should be mixed with standard 
phenol to give a ternary mixture which contains 60 to 70 per cent, 
of phenol. The freezing-point of this phenol-cresol mixture is 
determined, and since the temperature varies considerably when the 
percentage of phenol in the mixture is kept constant and the ratio 
of i/j-cresol to 27 -cresol in the admixetl cresol is altered, it follow, 
that the composition of the mixture X may he deduced from tie 
observed freezing point. Table IV gives the freezing points oi 
mixtures containing 60, 65, and 70 per cent, of phenol respectively, 
the composition of the admixed cresol being indicated by the hori- 
zontal series of figures, ranging from 0 to 100 per cent, of m-cre^e!, 


Table IV. 

Frcmn;, PimiU of Mi., .lures of Phenol, m-Gre.ml, and p-tVr-J. 

Per cent, 
phenol 


ternary 

inixturo 

60 


Per cent, m-cresol in mixture of m- and p-creaoL 

rturo. 0 10 20 30 40 BO 60 70 80 90 100 

fifi 11*6® 12-7® 13-8® 1.5-0® 16-4® 17-8® 210® 2K^ 

14-4 15-1 16*8 17-8 18-8 19-9 21-0 22-2 23-5 25-i) 

?0 ito 19-5 20-1 20-7 21-4 22-1 22-9 23-8 24-8 26-0 27-3 

Although this method is not so sensitive as the method oi: 
analysis which is based on the use of the })-cresol freezing pom; 
curve, it has been fjiund to be quite trustworthy. 
iF,ramW«.—l'= mixture of m-cresol and ji-cresol. 

First Method.— T = per cent. A + 69-4 per cent, p-rnm. 
freezing point 16-5°, from which per cent. ;rcreso] is 
Y — and in X — 19'3. 

per cent. A -f 62-9 per cent, yecresol, freezing I'.* 
12 ' 3 °, from which per cent, p-cresol in r' = 70 0 ami s 

A' = 20-6. ^ , 

Se.eond Mef/iorf.-Z = 33'4. per cent. A-f 66'6 per cent, pbeue 
freeing point 23'35°, from which, by reference to nii't 
constructed from the numbers in table IV (see above) at 
the data contained in table VII of the preceding pap 
per cent, p-cresol in X = 19. 

III. Analym of Ternury Mixtures containing o-Cresoly 
and ^-Cresol. 

Since m-oresol and 71 -cresol have the same 
appreciably less than the density of o-creso^^, 
liianges which occur on mixing are very small, the mea. 
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of the densit;y affords a rough estimate of the proportion of o-cresol 
ill the ternary mixture under examination. Not much informa- 
tioB can be obtained from the investigation of other physical 
properties of a ternary liquid mixture, but the nitration and 
bromination methods will afford some indication of the proportion 

of 77L-cresol. 

\ ternary mixture of the cresols may, however, be completely 
analysed, without resort to chemical methods, by means of suitable 
j*j.p^ 2 iug-point measurements. The method depends on the fact 
that equal weights of o-cresol and //?-(■ resol depress the freezing 
point of p-cresol to the same extent, and on the further fact that 
equal weights of m-cresol and ;f7-cresol depress the freezing point 
of tHjresol to nearly the same extent. In the application of the 
method, the unknown mixture X is mixed with a known quantity 
of pure ;?-cresol, giving a mixture, T, the freezing point of which 
determined. From this, the percentage of ;;7-cresol in Y, and 
hence in X, can be obtained from the freezing-point curve corre- 
sponding with the numbers already given in table III. 

Similarly, X is mixed with a known proportion of pure o-cresol, 
j^dving a mixture, Z, the freezing point of which is also measured. 
From this, the percentage of o-cresol in Z, and hence in may 
be derived from the freezing points recorded in table V. These 
temperatures correspond with a freezing-point curve which lies 
between the curves representing the changes produced in the fteez- 
point of o-cresol on the addition of ?n-cresol and ;?-cresol 
respectively. 

Table V. 

Fru’z'nuj of o-i-rrxof in Admirtffre >rlih ni- and p-CVf-so^. 

') Cresol, per cent. ... 100 95 90 85 80 75 70 65 

Freezing point 30' 45'^ 28*05° 25- 6° 23'I° 20-4° 17-5° 14-4° 1T0° 

The proportions of yv-cresol and o-cresol most suitable for the 
]irodiiction of the mixtures Y and Z arc indicated, if necessary, by 
preliminary freezing-point observations on mixtures containing 
one part of X and two parts of /^cresol and o-cresol respectively. 

Example. — X^42’5 per cent, o-cresol, 46’0 per cent. 7n-cresol, 
ll'O per cent, p-cresol. 

(c) Estimation of ^-cresol. 

T:r. 23*5 per cent. .V + 76‘5 per cent, y^cresol, freezing point 
19‘5^, whence per cent, p-ciesol in r?^79'3 and in X — 11‘9. 
r^ = 29'4 per cent. X-}-70'6 per cent, p-cresol, freezing point 
15 T°, whence per cent. y?-cresol in 7^ = 73 ‘5 and in X = 10'0. 
(b) Estimation of o-cresol. 
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^J = 26’l per cent. A' + 73-9 per cent, o-cresol, freezing 

23'0°, whence per cent, o-cresol in 2 = 84‘8 and in A = 4i f 
i/^ = 42’3 per cent. A + 577 per cent, o-cresol, freezing point 17+ 
whence per cent, o-cresol in ^^ = 75'2 and in A=:41’4. 
Taking the mean values found for y>-cresol and ri-cresol, tbf 
freezing-point method of analysis gives A' = 4r6 per cent, o-creso!. 
47-4 per cent, m-cresol, ll’O per cent, ^^cresol. 

IV. Analym of Qimternnnj Mixtures contaimnij Phenol, o-CVf..ry 
m-Cresol, and p-CresoL 

The determination of the composition of a quaternary mixturt 
involves the assignment of definite values to each of three in- 
dependent variables, and in these circumstances the physical 
properties of the liquid mixtures afford comparatively little in- 
formation with regard to the proportions of the components excejit 
in certain special cases. At the same time, an approximate idea of 
the nature of the mixture may be obtained from the density, tlie 
freezing point, and the behaviour of the liquid when it is subjected 
to slow fractional distillation with a suitable still-head, lii con- 
nexion with the behavio\U' on distillation, attention Jiiay be 
directed to the tables recording the observations made by Fox and 
Barker (/or. cit.). The significance of the density and the freezir.s 
point will be apparent from table I and the freezing-point relation^ 
which have already been described. 

In regard to chemical methods, the nitration and bromiiiatici; 
processes are of little use when we are dealing with quaternary 
mixtures. On the other hand, a method described by Skirro'v 
(.7, hid. Eng. Chew., 1917, 9, U02), which involves the measure- 
ment of the rate of oxidation of the phenols by permanganate ui 
sulphuric acid solution, seems to afford an approximate measure 
of the percentage of phenol present in quaternary mixture, 
although the nature of the admixed cresol has a very appreciable 
influence on the velocity of the oxidatioii process. 

The information to be derived from the direct application id 
the freezing-point method to quaternary mixtures is strictly hinited, 
in that only one of the three independent variables, in terms oi 
which the composition of such a mixture may he expressed, caii 
be determined in this way. This variable is the proportion oi 
p-cresol, which may be estimated according to the method alreadv 
desoribpa in sections II anil ITT. Tlie a|)])Urab,lity of tliis inetbo" 
to the quaternary mixture (le|ientls on the fact that the freK.iii: 
point of ?i-cr€sol is lowered to the same extent Tiy equal quaiititif 
of phenol, o-cresol, and m-crespl. 
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A':^19'5 per cent, plienol, ‘JO O per ront. m-cvcsoI. oC’l per 
cent, ///-cre^ol, ‘24' L per cent, p-cre^o!. 

)' = 3o’2 per cent. A' + 6GS per cent, p-crci^ul, freezing point 
1015°, from which per cent, ;^cre^ol in and hence 

in A-24 0. 

(2) A'-IO'O per cent, phenol, 20 0 per cent, o-oresol, 56'0 per 
cent. »?-cresol, 14'0 per cent, p-cresol. 
p-25-4 per cent. A + 74 ’6 ])er cent, y^crp^;ol, freezing point 
18'9°, from which per cent, yv-cre^ol in r = 78'5, and hence 
in X- 15-3. 

Although the direct application of the freezing-point method to 
'laternary mixtures is thus limited to the estiinatioii of /j-cresol, 
[ appears to be possible to analyse such mixtures completely by 
ilivsical methods if the mixtures are subjected to a preliminary 
raclionatiou. In carrying out this process, the quaternary mix- 
iire A is mixed with about half its weight of o-cresol, following 
he device recommended by Fox and Harker (/or, cit.) in connexion 
cith the estimation of phenol. This mixture, Ah is then sub- 
iiitted to slow fractional distillation with a still-heafl of ihe 
laschig type, and by this means A^ is separated into two fractions, 
.lie of which (.4) consists of a mixture of phenol and o-cresol and 
he other (B) of a mixture of o-cresol, m-cresol, and p-cresol. The 
ractions .1 and B a^e then analysed by application of the freez- 
tig-point methods, which have been already described in sections 
aiui III, 

As yet it has not been possible, in view of the urgency of other 
vorls, to test this method in any detail, but the preliminary 
ihscrvations which have been made seem to show that satisfactory 
■e^li!U for quaternary mixtures containing j)henol and the three 
■resols may be obtained in this way. 

Ill reference to the application of the freezing-point methods 
'iiich have been described, it should be explained that great care 
-needed to ensure that the materials used are free from, water, 
The tables of data and the corresponding curves may only be 
ipldied directly to the interpretation of freezing points determined 
3y other observers when the standard samples of phenol and of 
Jie cTesols have freezing points which are identical with those of 
samples used by us. With regard to these samples, it is prob- 
fble that pure anhydrous phenol melts at about 41°, and our use 
■ phenol melting at 40' 5° was determined by the fact that a 
‘ibdance of this melting point could readily be prepared from 
I'liiiary samples of phenol. The melting point of o-cresol (30-4.a°) 

0 0 * 
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is slightly higher than that recorded in the literature, hut we have 
found that o-cresol of this quality may readily he obtained frou^ 
the commercial product. The jK-cresol (m. p. 10*0°) was probahiv 
not quite pure, although this temperature is much higher than that 
previously recorded. With regard to the p-cresol, it may be men- 
tioned that a substance of this melting point (34 T 5°) wavs obtained 
from two different samples of synthetic material. This tempera- 
ture is lower than that recorded by certain observers, but agrees 
fairly closely with the value of 33 ‘8^ given by Sidgwick, Spurrell, 
and Davies {loc. and by Bramley (loc. cit.). The use of 
standard materials differing but slightly in freezing point from 
those employed by us does not prevent the use of the tables of 
figures recorded in the paper, for experience has shown that it is 
possible to make suitable allow^aiice for such differences if these are 
small. In actual practice, it will no doubt be found preferable 
to draw up corresponding tables which are directly applicable to 
the available standard substances and to such modified condition? 
of working as may seem advisable. These are matters of detail 
which do not affect the general methods of procedure which have 
been described. 


Siimviary. 

An account is given of the application of physical methods in 
the analysis of the technically important series of mixtures: 
(a) phenol and o-cresol, (&) m-cresol and p-cresol; (c) o-eresol, 
m-cresol, and p-cresol, (d) phenol, o-cresol , m-cresol, and p-cresol, 
It is shown that freezing-point measurements may be utilised for 
the complete determination of the composition of the binary ami 
ternary mixtures. In the case of the quaternary mixture, tbf 
application of the freezing-point methods is preceded by a fraction- 
ation process, in which the quaternary is mixed with a known 
quantity of o-cresol and separated into two fractions containiii? 
(1) phenol and o-cresol, (‘2) o-cresol, w-cresol, and p-cresol. 

Physical Chemistry Laboratory, 

The University, Leeds. 


[Rece-ived, Augmt 2Tthf 1918.] 
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LXXXVI. — The Oxidation and Ignition of CoaL 

By Richard Vernon Wheeler. 

Eis pap^^" contains an abbreviated account of work that has been 
jrried out intemiittently during the past nine years, at the outset 
jr the Mining Association of Great Britain (British Coal Dust 
speriments Committee) and during later years at the Home Office 
.xperifflcntal Station. 

The earlier work (to which Mr. M. J. Burgess contributed the 
,!<Test share during 1909 — 1911) was withheld from publication 
om the desire eventually to present a complete study of the cause 
' the spontaneous combustion of coal. The main results were, 
)wever, communicated privately to individuals particularly 
terested in the subject, and the conclusions reached were sum- 
arised in evidence before the Departmental Committee on Spon- 
iieous Combustion in Coal Mines in 1913 (Minutes of Evidence, 
'jt to seventh days). 

At a later date, the Doncaster Coal Owners founded a labora- 
ry, under the direction of Dr. J. S. Haldane, to specialise in the 
iidy of the spontaneous combustion of coal, and a seriee of papers 
i; emanated from that laboratory {Tram. Inst. Min. Eng., 1914, 
3.563; 1915, 48, 503; 49, 35; 1916, 51, 493; 52, 338; 1918, 
1, 197). This series of papers renders the publication of the 
tails of much of the work herein summarised unnecessary, for 
though the experiments were carried out in a different manner 
ey have little to add to the results obtained at Doncaster. 

The first method of experiment adopted was to circulate air or 
ygen in a closed system through a column of powdered, freshly- 
m coal, heated in a constant-temperature oven, and to measure 
e rate of disappearance of oxygen by the rate of diminution of 
essure in the system. Samples of the gases were taken at 
lervals throughout an experiment (some of which were continuous 
ring several weeks) by means of by-passed sampling tubes so 
ranged that the removal of the sample did not alter the pressure 
the circulation system. 

It may be said at once that the results obtained by these means 
1 not afford as much information as was desired or expected, 
4 other methods of experiment, shortly to be described, were 
haately adopted. It was found, in conformity with the results 
earlier and recent investigators * : 

A review of the more important work on spontaneous combustion ia 
Gained in Professor W. A. Bone’s recent book, “ Coal and its Scientific 
(London, 1918), pp. 149—163. 


0 0 * 2 
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(1) That the absorption of oxygen by newly-woii 

coal is initially very rapid, even at ordinary atmospheric temperj 
tures, l>ut that this rapid absorption soon gives place to a i,, 
but long-continued absorption. 

(2) That the initial rapid absorption of oxygen at low teinperi. 
tures is not accompanied, so far as could be ascertained, tv tb 
formation of water or the oxides of carbon, but that durino 
second, slow phase of the absorj)tion these products of O-sulatiijj 
of the coal substance make their a]>pearance, the amounts ineif'a-i!): 
with the temperature of the coal. 

(3) That the ratio COo/CO in the products of coinbimio! 
remained a])preciably constant for a given coal at a given tempera 
ture throughout the period of long-continued slow absorption o 
oxygen, the ratio decreasing wdth increased temperature. 

These facts did not, however, bring one much nearer to an ex 
planation of the mechanism of the reaction between oxyi|;eii aiK 
coal that results in ‘‘spontaneous combustion," and they gave ix 
indication of the reason why one coal is more liable to self-jie,! 
than is another. 


The Oildailon of Coal. 

It has already been stated that during the rapid absorption (i 
oxygen that takes place when newly-won coal is exposed to air ii 
atmospheric temperature, the siinnltaiieous formation of oarki 
dioxide or carbon monoxiile could not be detected, although kd 
these gases make tlieir appearance subsequently. It had kei 
noticed, however, that the "occluded gases" that can be removn 
from any sample of coal by exhaustion at 100° contain a liid 
proportion of the oxides of carbon if the coal has been previoik} 
■‘weathered," either naturally or artificially, thus differing ’’■■ii! 
the gases withdrawn from newly-won coal, which consist inainlv ri 
methane and the higher members of the paraffin series of Imiro- 
carbons (see Burgess and Wheeler, T., 1914, 105 , 131). 

From this it was thought that there might be a reaction be1vH“3 
oxygen and some part of the coal substance analogous to that 
between carbon and oxygen, investigated by Rhead and Wliteer 
(T., 1913, 103 , 461), which is characterised by the fixation u 
oxygen, the presumption being that an unstable cortipoiinfl d 
carbon and oxygen, is formed. 

Experiments were therefore made with the intention of exatnav 
ing more closely the composition and occurrence of the ocdu^?' 
gases in artificially weathered coal. Fresh] y-won coal from tii3‘ 

* The coal as soon as it was hewn was packed tightly in a box \vhi''l> 
hermetically sealed and dispatched the same day to the laboratory. 
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ortiou of Thick Coal Scam at Hamstead Colliery, teriiied 
was roughly crushed and thoroughly exhausted at 100“^ 
ifjee it* from naturally occluded gases, 1130 grams being taken for 
ex])eriment, TJndried air was then slowly drawn through the 
jal at a temperature of 15° during forty-eight hours, and, after 
io app^iratus had been rapidly exhausted by means of a Geryk 
l-j)ump, any gases contained in the coal were extracted by a 
nfgngel mercury pump and collected. The results were: 


Analysis, per cent, 



CO 2 . 

0,. 

CO. 

N,. 

ISPS romux'cd at 15“ 

.. IM8 

42 

nil 

840 

jses roinovcd botwoen 15“ and 100° • 

.. 43-5 

2no 

O-O 

2y-o 


A total volume of 31 '5 c.c. of gases (measured at 0° aiul 760 mm.) 
na* removed from the coal. 

This experiment gives a defniite indication that, wheieas some 
jxygeii is occluded by coal at 15° and can be removed therefrom 
I<siu:h by physical means, the major portion of the oxygen retained 
[ly the coal only makes its appearance as oxides of carbon wheji 
the leiiiperature of the coal is raised. 

The same weight (230 grams) of newly-won coal, roughly crushed, 
from the "Brazils” portion of the Thick Coal Seam, ITamstead 
Iblliery, was treated in a similar manner: the naturally occluded 
>ases having been removed, air was aspirated through the coal 
luring iwejity-four hours; most of the air in the apparatus having 
)een removed at the ordinary temperature by several strokes of a 
Jeryk oil-pump, the temperature of the coal was raised to 100° 
iik1 the gases were collected, no separation being made between 
b gases removed at 15° and at 100°, as with the "Slips” 
ml. This series of operations was performed several limes 
ritli the variations in treatment described in the table on 
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I It will be seen that, under sitnilar treatment, the ' Brazils” coal 
[welded less gases than did the same weight of the " Slips ” coal. 


. more important observation is the marked increase in the 
jiiantity of gas retained by the coal when the air passed over it 
dried by calcium chloride. To confirm this, a seri^ of experi- 
Soit? was made in a slightly different manner, using 100 grains of 
Brazils coal that had been crush erl so iis to j)ass through a 
and remain on a 30x30 mesh sieve, and from which the 
^bitaily occluded gases had been removed, 

‘^det* treatment of the coal wdtli air (cither saturated witli 
vapour at 15° or dried by passing through calcium chloride 
Jircr?) during six hours at different temperatures, the apparatus 
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Treatment. 


Volume of 
gases re- 
moved up 
to 100°. 
c.c. at 0° 
and 760 mm. 


A. Undried air aspirated 
through the coal during 
24 hours at 16° ......... 

B. Air dried by calcium 

chloride aspira^ 
through the coal during 
24 hours at 15° 

0. As with B 

D. As with A 

E. Air saturated with 
water-vapour at 15° as- 
pirated through the coal 
during 24 hours at 1 5°. . . 

F. Air sattirated with 

water-vapour at 15° 
aspirate^ through the 
coal during 24 hours at 
50° 

G. Air dried by calcium 

chloride aspirated 

through the coal during 
24 hours at 50° 


18-9 


40-3 

45‘0 

24-0 


22-0 


23-4 


32-5 


AND IGNITION OF COAL. 

Analysis, per cent. 

CO*. 

0*. 

CO. 

11*9 

5-1 

2-3 80-; 

15-5 

8-7 

3-2 72.t) 

25*5 

3-7 

2-3 ft8-5 

10-8 

13-4 

1*3 08'5 

25*8 

12-6 

3-4 58-:: 

49-7 

8-8 

5’ 3 til)-:! 

29-7 

7-3 

5-5 575 


was thoroughly exhausted at the ordinary temperature by 
Sprengel mercury i)ump, and only those gases collected that ve: 
withdrawn from the coal when its temperature was raised from 1. 
to 100°. The results were: 


VoKune of 
gases re- 
moved be- 
tween 15° 
and 100°. 
c.c. at 0° 

Treatment. and 760 mm 

A. Moist air at 15° 17*7 

B. Dried air at 15° 30-8 

C. Moist air at 50° 18-7 

D. Dried air at 50° 27-0 

E. Moist air at 100° 0-8 

F. Dried air at 100° 8 9 

These results, apart from the difference observable between t 
effects of tioist and dried air (a matter requiring further ?tiut 
bear a striking resemblance to the result of passing air over c.r. 
at low temperatures, and a similar explanation of them i' ^ 
offered, namely, that "the first step in the oxidation of coal 
formation of an addition compound, or complex, of oxygen 
one or more of the substances present in coal.” 

This conclusion, founded on the results of Y 

different character from those described in this paper, has ee 



Analysis. 


Rsti' 

CO*. 

0*. 

CO. 

N,. 

l‘0,C 

28-0 

2-8 

2-2 

67-0 

lU 

15*4 

nil 

1-8 

82-8 

m 

42-0 

4-7 

3-9 

49-4 

12-8 

1-5 

1-7 

84-0 

T'O 

77-0 

1-8 

13-2 

8-0 

ai 

3-i 

31-3 

0-2 

8-3 

60-2 



wheeler; the oxidation and ignition oe coal. 949 

jDiward also by Porter and Ralston (‘' A Study of the Oxidation of 
Coal, ’ United States Bureau of Mines, Technical Paper 65, 19U), 
from whose paper the foregoing quotation is made. Porter and 
Kalston continue : This complex is unstable and decomposes 
— -more readily with some coals than with others — setting 
free water, CO 2 , and CO.'’ 

It should not be supposed that the similarity in the behaviour of 
oxygen towards both coal and carbon is indicative of the presence 
of ‘‘free” carbon in coal. Experimental evidence as to the e.xist- 
rnce of free carbon as a normal constituent of coal is difficult, if 
i\ot impossible, to obtain. This matter has been discussed by Jones 
and Wheeler (T., 1916, 109, 709), who have pointed out that none 
of the factors, singly or combined, involved iu the formation of 
ooal can have brought about the complete carbonisation of any 
portion of the substances from which it is formed. On the other 
hand, the existence in coal of substances the molecule| of which are 
similar in type to the carbon molecule must be presumed. Dim- 
roth and Kerkovius [Annahn^ 1912, 399, 120) have shown that 
the carbon molecule contains the fluorene grouping, whilst Pictet 
and Ramseyer (5er., 1911, 44, 2486) have extracted hexahydro- 
fluorene from Montrambert coal. Moreover, both carbon and coal 
yield benzenehexa carboxylic acid (mellitic acid) on oxidation, 
showing that in both there are molecules present the structure of 
which involves a six-carbon ring, each carbon atom of which is 
attached to an additional carbon atom. 

In order to discover the exact nature of the com pounds thus 
jircpumed responsible for the "first step in the oxidation of coal," 
a more intimate knowledge is required than is possessed at present 
of the chemical constitution of the coal substance. A solution of 
the problem of the spontaneous combustion of coal is, in fact, 
largely dependent on the success of the endeavours that are being 
made to resolve the coal conglomerate into its component parts, 
No doubt suitable " oxidation ” experiments will contribute 
towards this end, inasmuch as they should afford information 
regarding the chemical characteristics of different parts of the coal 
conglomerate. 


The Ignition of Coal. • 

Tile reaction between oxygen and coal that results in the " fix- 
ation ’’ of the oxygen is accompanied by a heating effect, so that 
if pains are taken to prevent the dissipation of heat, the tempera- 
ture of the coal rises. An increase in the temperature of the coal 
increases its rate of reaction with oxygen ; if the rate of reaction is 
productive of more heat per unit of time than is sufficient to 
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counterbalance loss incidental to the physical conditions obtaiuino 
it follows that eventually the coal will ignite. 

Thus it is that spontaneous fires may occur in coal, in the mine 
or on the surface; and thus it is that several factors other than 
the chemical constitution of the coal have to be considered when 
attempting to guard against such fires. On the chemical con- 
stitution of the coal the rate of its reaction with oxygen at a ^riven 
temperature mainly depends, but its state of division, permeal)i!itv. 
and physical condition generally, also affect the rate of reaction; 
whilst the rato of dissipation of heat is governed by such factor; 
as the amount of ventilation and the thermal conductivity of the 
coal itself and of its surroundings. 

When determining the relative ignition 'temperatures of differem 
coals, it is not easy to decide what criterion of “ignition'' should 
bo employed. If one adopts the generally accepted defniition of 
“ ignition-teinj>erature ’ as ajifilied to gaseous mixtures (that 
that temperature at which self-heating of the mixture begins to 
take place), the ignition-temperature of most coals is the normal 
atmospheric temperature. A distinction between one coal and 
another could no doubt be made by detennining the time taken, 
for this self-heating from atmospheric temperature to result in 
llame under standard conditions. 

It may be of value also to know at what temperature a given 
coal must be heated in air, under specified conditions, in order 
that it shall burst into flame, and this temperature may perhaj); 
he regarded as the “ignition-temperature,” the preliminary self- 
healing (corresponding with the “pre-flame period” with ga'^esj 
being ignored. Experimental difficulties, however, stand in the 
way both of determining accurately the moment when flame flrd 
appears in a mass of coal, and of ensuring that in comparative test^ 
with different coals all the factors on which the appearance of 
actual flame depends ar^ maintained constant. 

From a practical as well as from a theoretical point of view, jt 
is sufficient to know at what temperatures, under standard condi- 
tions, different coals begin to react with oxygen so rapidly that the 
ultimate appearance of flame is assured. If, for example, air h 
drawn at a constant speed through a column of powdered coal, the 
temperature of which is gradually raised by an external source ot 
heat, eventually the temperature within the coal will begin to rise 
rapidly above that of the external source of heat. It is then only 
a matter of time, depending’ on the physical conditions of the te>t, 
before the coal will inflame. 

In order to determine what relationship, if any, there is between 
the chemical composition of a coal and its ignition-temperature, a 
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jiuniber of coals were tested in the following manner. Forty grams 
of powdered coal that had passed through a 150 x 150 and 
i-eniained on a 240 x 240 mesh sieve were placed in a glass tube of 
jhe form shown diagramrnatically in Fig. 1, making a column 
about 12 cm. long. This tube was fixed vertically in an electric- 
ally heated sand-bath, and a current of air (dried by passing 
through calcium chloride towers) drawn through it at a constant 

Fio, 1. 



speed. The temperature of the sand-bath was then slowly raised, at 
a uniform rate, and simultaneous readings of two thennometers, the 
one embedded in the coal ami the other in the sand, taken at 
frequent intervals of time. 

In this manner, two tinie-teiriperatnre curves were obtained, the 
one showing the rate of rise of temperature of the sand-bath and 
the other the rate of rise of temperature of the coal. At a given 
temperature, depending on the coal employed, these two curves cut 
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une another, This temperature was taken to be the ignition- 
temperature of the coal relative to other coals tested in the sarrjp 
manner. 

In Fig. 2, an example of the results obtained is given. Only the 
later portions of the two curves are shown; during the earlier stages 
of the heating (from atmospheric temperature) the curves run 
parallel to each other. It will be seen that the temperature al 
which the reaction -velocity became so rapid that the inflammation 
of the coal was imminent is clearly indicated at about 205°. b 
is evident also from the gradual approach of the two curves that 
the heat due to oxidation of the coal was sufficient, despite loss to 

Fjo. 2. 

350^^ , , p- , T' : 
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the outgoing air, to raise the temperature of the coal above thai. 
normally due to the heat received from the sand-bath when the 
reaction was proceeding at a temperature of 125°. The latter 
temperature might be regarded as the ignition-temperature of the 
coal (that is, the temperature at which self -heating began) under 
the conditions of the experiment. For comparative purposes, how- 
ever, it was found preferable to record, as the relative ignition- 
temperature, the point at which the coal temperature curve and 
the sand-bath temperature curve cut one/ another, for this point 
is clearly defined. It is the temperature at which rapid self-heating 
begins, and is therefore in conformity with Nernst's definition of 
the ignition -temperature for gaseous mixtures. 
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In th® table that follows are given the relative ignition-tempera- 
tures as thus determined for, a number of bituminous coals. Full 
analyses of the coals, which are referred to under laboratory 
numbers, have been published in the Second Report of the Ex- 
plosions in Mines Committee (H.M. Stationery Office, Cd. 6431 of 
Session 1912 — 1913).* The oxygen -contents only are reproduced 
here, for if reference be made to the full analyses it will be seen 
that no relationship exists between the iguitioii -temperatures now 
recorded and other analytical data. 



Oxygen- 



0.xygQn- 



content. 

Relative 


content. 

Relative 


(Per cent, on 

ignition 


(Per cent, on 

ignition 

Coal 

aah-free dry 

tempera- 

CVnil 

ash -free dry 

tempera- 

number. 

coal.) 

ture. 

number. 

coal.) 

ture. 

213 

11*1 

165' 

247 

8-3 

182'* 

210 

IM 

165 

240 

8-1 

180 

218 

111 

167 

216 

8-0 

183 

248 

10-6 

177 

224 

7-6 

192 

251 

10-6 

176 

226 

7-4 

188 

234 

10-3 

176 

200 

7-3 

185 

207 

9-9 

177 

205 

7-0 

192 

246 

9-9 

179 

239 

6-7 

196 

208 

9-9 

179 

215 

6-6 

206 

211* 

9-5 

178 

230 

6-4 

200 

235 

9-2 

178 

214 

6-6 

210 

231 

8-8 

183 

203 

5-4 

200 

201 

8-8 

187 

217 

5-1 

217 

206 

8-7 

186 

232 

4-9 

196 

241 

8-6 

163 

227 

4-7 

220 

225 

8-5 

185 

228 

3-9 

200 


It is clear from this table that the statement made by several 
investigators, that the most highly oxygenated fuels are those most 
liable to self-heat, a statement intended to distinguish between the 
different classes of fuels — lignitic, bituminous, and anthracitic — 
holds with remarkable closeness for coals of the same class 
(bituminous). 

If it is correct to assume that the similarity in behaviour towards 
oxygen evinced by bituminous coal and carbon is due to the 
presence in the coal of groups of compounds the molecules of which 
have aromatic structures resembling those of the carbon molecule, 
it follows that the greater the proportion of such groups of com- 
pounds in a coal the greater will be the ability of that coal when 
newiy-won to "attach’’ oxygen, and the higher will be its pro- 
portion of oxygen when "saturated." 

The oxygen-contents given in the table must be regarded as those 
of the "saturated" coals; for the treatment to which the coals 
had been subjected— their pulverisation and sieving— involved the 
exposure of the fine dusts to air at 15*^ for a length of time sufficient 

* A certain number of the analyses are recorded also in T., 1913,103, 1722. 
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to saturate them with oxygen at that temperature. Since the 
samples taken for the combustion analyses were accorded the same 
treatment as the samples tested for ignition-temperatures, the 
relationship between oxygen-content and ignition- temperature is 
not affected by this saturation with oxygen; but it is necessary to 
remember that some of the oxygen recorded as present in each coal 
must be in the form of the presumed complex. 

It is not remarkable that a coal containing a high proportion of 
oxygenated compounds should show signs of rapid self -heating in 
an air-stream at a temperature lower than that required by a coal 
of less oxygen -content. What is known of the constitution of coal 
points to the major portion of the oxygenated compounds normally 
present being compounds arising from the degradation of the 
celluloses • and compound celluloses of the cell -walls of the 
coal-plants. It is just these compounds of which the struc- 
tures of the molecules approximate most closely in character to 
those of carbon, which therefore may presumably act like 
carbon i>i causing a loose attachment of oxygen, A coal rich in 
such compounds— oxygenated compounds- -might therefore be ex- 
pected to absorb oxygen readily and, i[m facto, to self-heat r^dily. 

The term ‘‘ self-heat ’ may, moreover, be seen to have its true 
significance so far as a highly oxygenated, “saturated,” coal is con- 
cerned if one considers that the loosely combined oxygen may at 
a higher temperature desire a more permanent attachment — may, 
so to say, bite where previously it has only nibbled. If any reac- 
tion of this nature does indeed take place, an evolution of heat 
should be observed when a ‘“saturated” coal is heated slowly in a 
vacuum or in an inert at^nosphere, Hollings and Cobb (•/. Gan 
1914, 126 , 917), in the course of their study of the 
thermal phenomena occurring during carbonisation, obtained 
several heating curves which show a marked exothermic reaction 
(in an atmosphere of nitrogen) between 150*^ and 250° Hollings 
and Cobb at a later date (T., 1915, 107 , 1109) stated that they 
attached no importance to deflexions of their heating curves at 
temperatures lower than 200°, apparently because they considered 
it “hardly possible that between 150° 0. and 250° C, there can be 
any exothermic reaction in an inert atmosphere ” (/oc, cit., p, 920); 
but the deflexions shown in their earlier paper are too large to be 
ignored. It is significant that the range, 150° to 250°, over which 
the exothermic reaction with coal in a stream of nitrogen is mani- 
fest ill Hollings and Cobb s experiments should correspond so 
closely with the range over which, with the series of coals tested 
in the present research, rapid self -heating occurs in a stream of 
air. 
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The lines upon which the researches are being continued are 
obvious. At their present stage, the fol lowing working hypothesis 
oiUi be advanced : The reaction respon^ibU' ior tlie '■ selt-heating 
of coal is mainly one of attachment of oxygen to molecules of higli 
carbon-content. Subsidiary to tins reaction, Init playing an 
important part in determining the actual spontaneous ignition of 
coal, is a chemical interaction between the oxygen thus loosely 
held, by the earbon-like molecules, and other at tuns in those mole- 
cules, or other portions of the coal conglomerate. 

I wish to acknowledge the assistance of Mr. C. B. Platt during 
the experiments described under the heading '‘The Oxidation of 
Coal,’^ and of Messrs. M. J. Burgess and T, P. E. Rhead during the 
e.xperiments on the ignition of coal. 

[RccriociL Octohrr ]'2th, 1918.] 


LXXXVIl . — -Studies in the Tetrahfjdronaphthalene 
Series. 

By Arthuk G. Green and Fhedekick Maurice Rowe. 

A. ar-Te trahydro-a-nap h thy lain in c. 

^//’-TETRAHYDRo-a-NAPHTHYLAMTNE has bccn showii to posscss many 
interesting peculiarities. It has the general properties of an 
aromatic amine, yet, whilst on the one hand it resembles aniline 
and its homologues (particularly o-2-xylidine) rather than 
a-naphthylamine (Bamberger, A?inaU-ti^ 1890, 257, 11), on the 
other it is similar to a-naphthylamine in the facility with which 
it reacts with diazonium salts, forming aniinoazo-derivatives far 
more readily than does <;-2-xylidine (Noelting and Forel, 

1885, 18 , 2682). Of further interest is the fact that azo-dyes 
ilerived from ar-tetrahydro-a-naphthylamine differ considerably in 
shade from similar azo-dyes derived from o-naphthylamine, and in 
this respect approximate to dyes derived from benzenoid amines 
(Bamberger, Be>\, 1887, 20 , 2915; Bamberger and Bordt, ihid., 
1889, 22 , 625; Morgan and Richards, J. Sac. Vhent. hid., 190.5, 
24 , 652), In view of the possible importance of tetrahydro-a- 
naphthylamine in the technology of dyes, it appeared desirable to 
investigate more closely the formation of this base and also to 
attempt to prepare a number of its previously unknown deriv- 
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atives in order to compare their properties with those of benzenoid 
and naphthalenoid compounds of corresponding type. 

nr-Tetrahydro-o-naphthylainine was obtained by Bamberger ami 
Althausse {Be.r., 1888, 21 , 1786) by reducing a-naphthylamine with 
sodium and boiling amyl alcohol. This reaction appears to be a 
general one for the preparation of hydrogenated naphthalene 
derivatives, a considerable number of which were prepared bv 
Bamberger and his numerous collaborators {loc. cit.). It is usuallv 
carried out by reducing a boiling solution of the substance in ten 
times its weight of amyl alcohol with one and a-half to twice the 
theoretical quantity of sodium (Bamberger and Lodter, Her., 
1877, 20 , 3073). The yield and character of the product vary 
with the individual substance reduced, a-derivatives of naphthalene 
giving rise to aromatic, whereas /8-derivatives form mainly alley clip 
compounds. Thus it was found (Bamberger and Muller, Ber,, 
1888, 21 , 850; Bamberger and Kitschelt, Btr., 1890, 23 , 876) 
that the main product obtained by reducing j3-naphthylamine was 
ac-tetrahydro-j3-naphthyl amine, together with a small quantity 
of ff?'-tetrahydro-j8-naphthylamine. On the other hand, ar-tetra- 
hydro-a-uaphthylamine is stated to be the sole product when 
o-naphthyl amine is reduced, the isomeric alicyclic compound having 
only been obtained from «C'tetrahydro-5-amino-l'naphthylhydr 
azine (Bamberger and Bammann, Ber., 1889, 2^ 964). 

The influence of the particular alcohol used as solvent on the 
yield of product was also investigated by Bamberger, who found 
that in the reduction of j3-naphthylamine, replacement ■ of amyl 
alcohol by ethyl alcohol results in a minimum yield of the tetra- 
hydro-derivative, and concluded that the course taken by the reac- 
tion and the yield obtained were intimately connected with th? 
boiling point of the solvent employed. Later experiments (Bam- 
berger and Muller, Ber.^ 1888, 21, 111^2), using such solvents as 
hexadecyl alcohol, phenol, glycerol, and mixtures of amyl alcohol 
and vaselin, did not, however, support this hypothesis, Sii least 
in the case of )3-naphthylamine. 

We have now studied the conditions governing the conversion 
‘ of a-naphthylamine into ar-tetrahydro- a-naphthylamine. When 
amyl alcohol was used as the solvent and the reduction carried out 
as described by other workers, a yield of 70 per cent, of the 
theoretical was obtained. It was found that when amyl alcohol 
was replaced by ethyl alcohol, the a-naphthylamine remained un- 
altered and no or-tetrahydro-a-naphthylamine could be detected. 
Similarly, a-uaphthyl amine was not changed by treatment with 
sodium when butyl alcohol was used as solvent, and the addition 
of butyl alcohol to amyl alcohol produced a diminution in yield 
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proportional to th.© quantity of butyl alcohol in the mixture. 
Moreover, in an experiment in which butyl alcohol was employed 
under pressure sufficient to raise the boiling point to that of amyl 
;;icobol under normal pressure, no trace of ar-tetrahydro-o-nai)hthyl- 
amine could be detected. The difference in the behaviour of amyl 
alcohol from other alcohols cannot therefore be due to differences 
in boiling point, and as the reaction is always accompanied by the 
destruction of from 10 to 15 per cent, of the amyl alcohol used, it 
is probable that the reduction is intimately connected with the 
oxidation of amyl alcohol, and not simply due to direct hydrogen- 
ation. 

The effect of the presence of (1) sodium amalgam, (2) mercurous 
fhloride, (3) a nickel catalyst, (4) dextrose, on the reaction with 
sodinm in butyl-alcoholic solution was also studied, but in no case 
could the tetrahydro-base he detected. 

Sabatier and Senderens succeeded in preparing tetrahydro- 
naphthalene by reducing naphthalene with hydrogen in the 
presence of nickel {Com'pt. rend.^ 1901, 132 , 1254). We have 
now tried to prepare or- tetr a hydro- a -naphthyl amine by the nitra- 
tion and reduction of tetrahydronaphthalene. Although nitrations 
were carried out under a variety of conditions, in all cases oxida- 
tion took place and no nitro-derivative was isolated. 

The ar-tetrahydro-a-naphthylamine required for our subsequent 
experiments was prepared by reducing a boiling amyl -alcoholic 
solution of a-naphthylamine with sodium The mixture was poured 
into water, the amyl alcohol layer separated, acidified with hydro-, 
chloric acid, and the amyl alcohol, removed by distillation in a 
current of steam. The residue was filtered from a little tar and 
allowed to crystallise, when the hydrochloride of ur-tetrahydro-a- 
iiaphthylamine separated in large, colourless tables similar in 
ajipearauce to aniline hydrochloride. The mother liquors from a 
number of preparations were united and concentrated, whereby a 
further quantity of the hydrochloride was obtained. The filtrate 
from this was hasified, and the separated base examined. It was 
found that whereas pure ar-tetrahydro-a-naphthylamine condenses 
with 4-chloro-l : S-dinitrobenzene to form 2 : 4-dinitrophenyltetra- 
hydro-a-naphthylamine, a compound crystallising in orange-re<l 
plates or needles melting at 134°, the base from the mother liquors 
when similarly treated gave, together with this compound, an 
isomeric substance crystallising in golden-yellow leaflets melting at 
121°. The two compounds could be readily separated in a pure 
(condition, as the former is less readily soluble in alcohol than the 
latter. This observation pointed to the presence in the mother 
liquors of ac-tetrahydroa-naphthylamine. This was isolated by 
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pansing carbon dioxide through a solution of the mixed base?; i|, 
light petroleum, when the crude carbonate of the alicyclic coin- 
poiind separated. The base after purification proved to be ideulicH] 
with V/c-tetrahydro-auiaphthylamine described by Bamberger ain! 
Bam in a 11 11 (/oc. dt.). 

o-Naphthylamine on reduction, therefore, gives mainly the 
ar-tetrahydro-base, together with a small quantity of the nr-tetra- 
hydro-base, whereas in the case of i8-napht-hy! amine the proportion 
of alicyclic and aromatic tetrahydro-bases is reversed. 

B. Ni t ro-d erivatives of sn-Te trahyd ro-a-nap hthylami ne. 

Morgan, Micklethwait, and Winfield (T., 1904, 85, 737) state 
that the changes involved on nitrating ar-tetrahydro-a- naphthyl- 
amine and its acyl derivatives are somewhat complex. We have 
now examined the process more closely, and have prepared and 
examined the mono- and di-nitro -derivatives of «/-tetrahydroaceto- 
a-iiaphthalide and the corresponding nitroamines. 

When rtr-tetrahydroaceto-a-naphthalide is nitrated in cohl 
sulphuric acid solution with one molecular proportion of nitric 
acid, a nitro-derivative is formed, together with a considerable 
proportion of an nncrystallisable resin. The formation of resiii< 
ill this and other cases may possibly be due to the presence of a 
small quantity of the alicyclic isomeride in the material employed. 
The product proved to be a mononitro-com pound. It is readily 
reduced to the monoacetyldiarriirie melting at 156°, which on Irear- 
ment with acetic anhydride is converted into the diacetyldianihie, 
melting at 291°, describerJ by Morgan, Micklethwait, and Winfield 
cit ). The nitro-group is therefore in the para-position witii 
respect to the acylamino-group. In no case was the presence of 
the isomeric ortho-nitro-derivative detected. 

The para-nitroamiiie itself is readily obtained by the hydroly^i^ 
of the acetyl derivative with alkalis or acids, and is similar in 
appearance and properties to yi-nitroauiline. It is convert eil on 
reduction into ^^ir-tetrahydro-l : 4-naphthylenediamine. 

4-]SIitro-ar-tetrahydro~a-naphthylamine may be diazotised and 
coupled, forming azo-dyes, the shades of which approximate inoie 
nearly to those of azo-dyes of similar type derived from beiizeiioid 
than from naphthalenoid bases, 

When the quantity of nitric acid was increased to two molecular 
proportions and the nitration carried out as before, another pro- 
duct was obtained which, after separation from resinous imjiurities 
by crystallisation from alcohol, proved to be a dinitro-compounfl. 
This substance is also formed by the further nitration of 4-nitro- 
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^^^^gti-ahyclroaceto-a-iiaphthalide. The diiiitrotetrahydro-a-naph- 
ihvlaiihne itself is readily obtained by warming the acetyl deriv- 
ative with sulphuric acid. 

Both the mono- and di-nitroamines I'onn quinouoid salts with 
alkalis (compare T., 1913, 103 , 508). The inononitro-compound 
o’ive? ail orange-red potassium salt and the diiiitro-coin pound a 
bluish-green potassium salt. In the former case, the salt dis- 
sociates rather more readily than wp found to be the case with 
other quinouoid salts of nitroamines. 


i-N itro-diY-t ei rah t/d n)ac('( o-a-na hill , 


H NH-CO-CH 


H 

H 



3 


H NO 2 

Teti grams of tetrahydroaceto-a-na]ditlia]ide, molting at 154'^, 
[iicpared as described by Morgan, Micklethwait, and Winftld {for. 
r/'M. were dissolved in 16 c.c. of 100 per cent sulphuric acid. The 
rohilioii was cooled to —10° in a freezing mixture and nitrated 
lit that temperature by the addition of a mixture of 3-G c.c. of 
nitric acid (one molecular proportion, D 1-4) and 9 c.c. of 100 per 
cpiit, .'julphiiric acid. On recrystallisation of the product from 
'lilute alcohol or boiling water, 

ihiphfhali^Ie was obtained in colourless, slender needles melting at 
It is readily soluble iii organic solvents, but less readily so 
in water: 


0T8G4 gave 19'3 c.c. N.> at 19° and 7o6 inni. N~11'88, 
C,.'>H] 403 N., requires N = 11’96 per cent. 

0(11248 required lO'l c.c. TiCl^ (1 c.c. — 0-001772 gram Fc). 
Calculated as j,|(NH* CO* CII j ) ’NO.i ~ 99-85 per cent., 

that is, GH required for reduction. 


NH-CO-CJT^ 



H NHj 


Five grams of iron powder, 1 gram of acetic acid (30 per cent,), 
*“i'l 15 c.c. of water were placed in a flask, and G'5 grams of finely 
’owdered 4-nitro-rtJ’-tetTahydroaceto-a-naphthalide were added in 
portions at a time, The flask was well shaken, and the 
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temperature rose as the reduction proceeded. When the (.•oiiUit 
of the flask had lost their yellow colour, the mixture was filter^ 
hot and the residue boiled several times with water and filtered 
The united filtrates were extracted with ether, and colourles, 
rhombic plates or needles of \-acetyl~?iV-tetrahydro-\ '’^-'naphtky}^^ 
diamine, melting at 156°, separated from the ethereal solution ■ 
0*1452 gave 17*2 c.c. at 20° and 762 mm. N = 13*62. 

CjoHjgONg requires N- 13-72 per cent. 

1*20 required 5*85 cx. iV^-NaN 02 . Calculated 
CioHio(NH-CO*CH 3 )-NH 2 = 99*6 per cent. 

It is readiljj soluble in water, dilute acids, or organic solvents 
By treatment with acetic anhydride, it is converted intA the 
diacetyldiamine, which forms colourless needles melting at 291°, \y 
may be diazotis^ and combined with amines and phenols. For 
example, with 2-naphthol-3 : G-disulphonic acid, a dye is forniH 
which gives a reddish-brown shade on wool similar to that obtaiii«| 
with the corresponding compound derived from acetyl p-phenylene- 
diamin#^[Azo Corallin L). 


A-Nitro-R.r-tet rah ydro-a -ntiphf hyla n line, 

H NH, 


H 

H 



\/\/ 

H MO, 


4-Nitrotetrahydroaceto-a-naphthalide is hydrolysed readily on 
boiling the alcoholic solution for ten minutes with sodium liydr 
oxide. The nitroamiue crystallises from the yellow solution on 
cooling, and on recrystallisation from dilule alcohol was obtaiii(‘<i 
ill pale yellow needles, melting at 116°. It is readily solubk in 
organic solvents or dilute acids, but less readily so in water. Hydro 
lysis may be effected equally well by boiling with dilute sulpliun-' 
acid or hydrochloric acid : 

0*1236 gave 15-5 c.c. at 18° and 756 mm. N — 14*45. 

C 10 HJ 2 O 2 N 2 requires 14*58 per cent. 

2*25 requir^ 11*7 c.c. A-NaN02. Calculated 
Cj(jEi 2(N02)*NH2=^ 99*84 per cent. 

0*01 required 9*9 c.c, TiCIg (1 c.c. = 0*001772 gram Fe). Caku 
lated as C|oHiq(NH 2 )*N 02 = 100*18 per cent,, that is. 5H 
required for reduction. 

On adding hydrochloric acid to an alcoholic solution of I-iiitro- 
<7rtetrahydro-a-naphthylamine, the hyd/rochloride separates m 
colourless, crystalline needles, which are decomposed by water. 
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Pof cesium of ^~NitTO-diY~t€frti.hy(Ii'0'Q,-)i<tijJithi/l(itiuti€f 

NHICioHioIKO^k. 


JJine c.c. of a solution containing 1 gram of potassium hydr- 
oxide in 30 C.C. of absolute alcohol were added to a solution of 
I gram of the nitroamine in 100 c.c, of dry benzene. The colour 
became orange -yellow, but no precipitate separated. When the 
alcohol was evaporated, however, an orange-red precipitate of the 
salt was produced, which was washed with dry benzene and ether. 
The salt is immediately hydrolysed by water, giving the parent 
nitroamine and potassium hydroxide in solution. 

litration with sulphuric acid gave 16*76 (mean). 

C 10 H 11 O 2 N 2 K requires K = 16'9o per cent. 

Cotton material padded with alkaline iS-naphthol, dried, and 
passed through a bath of diazotised 4 nitro-«r-tetrahydro-a- 
naphthylamine, is coloured a bright orange-red as compared with 
the scarlet-red colour of “Para-red." 

Diazotised 4-Tiitro<ir'tetrahydro-a-naphthylamiiie conibines with 
^alicyl^c acid, forming a yellowish -brown precipitate. This di/c 
i^ives an orange-brown shade on chrome- mordanted wool as com- 
pared with the reddish-yellow shade which is obtained when 
chromed wool is dyed with , p-nitrobenzeneazosalicy^c acid 
(Alizarine Orange R). 

4-Nitro-fw*-tetrahydro-a-naph thy 1 amine is readily reduced to the 
corresponding diamine by boiling stannous chloride. The colour- 
!esf, crystalline product which separated was filtered off, dissolved 
ill water, rendered alkaline with sodium hydroxide, and extracted 
with ether. Excess of acetic anhydride was added to the ethereal 
solution, and the precipitated diacetyl derivative crystallised from 
acetic acid. It formed colourless needles melting at 291°. 

By oxidising a solution of the hydrochloride of the diamine with 
clu'omie acid, followed by extraction with ether, tetrahydro-a- 
iiaphthaquinone was obtained. After several crystallisations from 
light petroleum, it formed pale yellow needles melting at 55°, the 
temperature given by Bamberger and Lengfeld {Ber,, 1890, 23 , 
1132). 

2 : i-Dinitro'&T-tetrahydroaceto-a-naplithidide, 


H NH*CO*CHs 


H, 

HI 


\/\/ 

H NO, 


m, 


Ten grams of ar-tetrahydroaceto-a-napbtbalide were dissolved 
ill 16 c.c. of 100 per cent, sulphuric acid. The solution was cooled 
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to - 10° in a freezing mixture, and nitrated at that tenipyratun, 
by the addition of a mixture of 7'2 c.c. of nitric acid (two iiiolf. 
cular proportions, D 1-4) and 24 c.c, of 100 per cent, sulphuric 
acid. The mixture was allowed to remain overnight at th#- 
ordinary temperature, and then poured on ice. The crude product 
was separated and crystallised twice from alcohol, when it foniied 
colourless needles melting at 202°. The same substance j. 
obtained by the further nitration of 4-nitro-o/’-tetrahydroaceto'a- 
naphthalide : 

O’ 1148 gave 16'3 c.c. No at 18° and 754 mm. N — 16'36. 

CjoHiyO^No requires N = 16*47 per cent. 

0'00943 required 12'S c.c. TiClo (1 c.c. —0*001772 gram ?e) 
Calculated as Cj,Hj,(NH-CO-CH3)(NO,),-99*8 per cent, 
that is, 12H required for reduction. 


2 : i-Ditidro-iiY-ttirakiidro-a-ndplitliyhinilni^, 

H NHg 

“I'YY'"' . 

\/\/ 

H NO, 


I)initro-c«r-tctrahydroaceto~Dtuiaphthalide was conveniently hydro- 
lysed by triturating to a paste with a little water and dissolviii^r 
in concentrated sulphuric acid. The solution was warmed to -jU" 
and poured into water. The yellow flocks which separated were 
collected and crystallised from alcohol. 'I'A-Dinitro-dir-fciiiihiidni- 
a-uaphth>/l(iifune forms small, yellow iieedles melting at 181°, It 
dissolves in dilute alkali hydroxide with a crimson colour: 

0*1098 gave 16*7 c.c. No at 19° and 765 mm. N~ 17*65. 

Oj^iHjiO^N^ requires N — 17*72 per cent. 

0*01 required 19*5 c.c. TiCl^ (1 c.c. = 0*001446 gram fei. 

Calculated as CiyH9(NIIo)(N02)o = 99*85 per cent., that i?. 

12H required for reduction. 


Poiauium Salt of Dinitvo-M-tetrahydfo^a-naphthyUimine. 

fifteen c.c. of alcoholic potassium hydroxide, obtained by dis- 
solving 1 gram of potassium hydroxide in 30 c.c, of absloute 
alcohol, were added to 2 grams of dinitro-r/c-tetrahydro-a-naplithy1* 
amine dissolved in 200 c.c. of dry benzene. A dark bluish 
precipitate of the salt separated, which was collectexl and wasted 
with dry benzene and ether, The dry salt forms a bluish 
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,rreen powder which deflagrates on healing. It is soluble in excess 
ai alcoholic potassium liycli o.xicle with a crimson colour. 

Titration with sulphuric aci<l gave K-. 13 07 (jiiean). 

requires K=-14']8 per cent. 

0 . Nitro-derivatives of &r-Tetrahi/dro-a-naphihoi 

fjr-Tctrahydro-a-naphthol, originally prepared by Bamberger and 
Althausse [Ber., 1888, 21 , 1892) by dia/.otising or-tetrahydvo-o- 
iiaplilhylainine and boiling the diazonium compound with sulphuric 
acid, was shown by Bamberger and Lengfeld (/bv., 1890, 23 , 1127) 
10 possess the properties of a phenol rather than of a najihthol. 
Ill fireliniinary e.xperiments on the nitration of f//-tetiahydro-o- 
iiaphtliol, we have found that direct nitration does not yield satis- 
factory results, the products being charred and tarry owing to 
oxidation. It appeared desii-able, therefore, first to prepare a 
sulphoiiic acid of nr-tetrahydro-a-iiaphlhol, and to use this com- 
pound for the nitration experiments. 

When nr-tetrahydro-a-naphthol was treated with sulphuric acid 
at 100- 110°, as in the sulphonation of phenol, it was largely 
destroyed and no sulphonic acid could be isolated. The same result 
was obtained when the teniperature of sulphonation was redneed to 
liil— 70°. Indirect methods of obtaining the sul[)honic asid also 
tailed. Thus, although sodium naphthionate is readily converted 
into l-naphthol-4-sulphonic acid by treatment with sodium 
hydrogen sulphite, followed by boiling with alkali, its tetrahydro-, 
deavative (sodium ur-tetrahydro-a-naphthylamine-4-sulphonate) 
does not react with sodium hydrogen sulphite, a fact de{)endeut on 
its henzenoid character. 

Further, diazotetrahydronaplithalene-4-sulphoiuc acid when 
boiled with dilute sulphuric acid gave, as sole product, ar-tetra- 
hydro-a-naphthol, the sulphonic group being eliminated by hydro*- 
lysis during the reaction. 

The or-tetrahydro-a-naphtholmonosulphonic acid was eventually 
obtained by dissolving rtr-tetrahydro-a-naphthol in twice its weight 
of cold concentrated sulphuric acid and allowing the solution to 
remain for two days, The product was very readily soluble in 
water, but its sodium salt could be isolated from the sulphonation 
mixture in the usual manner. On boiling the sulphonic acid with 
dilute acids, ^'//‘-tetrahydro-a-naphthol is regenerated. 

From analogy to the mouosuljihonic acid of ar-tetrahydro-a- 
naphthylamine, which was shown by Morgan, Micklethwait, and 
Winfield (T., 1904, 85 , 743) to contain the sulphonic group in the 
para-position with respect to the amino-group, it was to be ex- 
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pected that the monosulphonic acid of ar-tetrabydro-a-naphttol 

would also be the para-compound. That this -is the case is obvioii- 
from its behaviour on nitration and the properties of the nitio. 
derivatives. 

The above authors, from a study of the reaction of diazoniuiQ 
compounds with 4-bromotetrahydro-a-naphthylamine and with 
ar-tetrahydro-o-naphthylamine-4'Sulphonic acid, conclude that the 
reactivity of the hydrogen atom in the ortho-position witli respeet 
to the amino-group, which is such a characteristic feature of the 
naphthalene molecule, is destroyed when the non-substituted rins 
undergoes hydrogenation. 

In the case of nr-t etrahydro-a-naphthol and it-s para-sulphonic 
acid, the behaviour towards diazonium compounds is rather 
ilifferent. rtr~Tetrahydro-a-naphthol combines readily with di- 
azonium compounds, forming azo-dyes. Yet this fact cannot be 
employed for estimating wr-tetrahydro-o-naphthol, as the figures 
obtained by titrating with A 710 - 7 >nitrobenzenediazonium chloride 
solution are too high t-o agree with a simple para-azo-coupling and 
too low to agree with a complete formation of the bisazo-dye. 
This is in agreement with the observation made by Jacobson and 
Turnbull (5cr., 1898, 31, 898) that benzenediazonium chloride 
combines with ar-tetrahydro-a-naphthol, forming both the para- 
monoazo- and the bisazo-dye simultaneously. On the other hand, 
rtr-tetrahydro-a-naphthol-4-sulphonic acid in alkaline solution does 
not combine with diazonium compounds to form azo-dyes. If, how- 
ever, a diazonium compound is added to an acidified solution of 
rtr-tetrahydro-a-naphthol-p-sulphonic acid and the mixture is 
rendered alkaline and then acidified, combination does takes place, 
the sulphouic group being displaced by the azo-group. 

For the nitration exjaeriments, it was found unnecessary to 
isolate the ar-tetrahydro-a-uaphthol-4-sulphonic acid. Tbc 
siilphonation mixture was diluted with water and nitrated witli 
dilute nitric acid in the cold. Whereas all attempts at diiect 
nitration of ar-tetrahydro-a-naphthol had proved unsatisfactory, 
approximately th^retical yields were obtained by nitrating the 
sulphonic acid under these conditions. 

When one molecular proportion of nitric acid was used for iiiti!'- 
tion, the mixture set to a mass of yellow, needle-shaped cryst^l^ 
readily soluble in water, which proved to be a mononitro-cr-tetra- 
hydro-o-naphtholsulphonic acid. 

The sulphonic group of the nitrc^ulphonic acid was readily hyc 
lysed by boiling with dilute sulphuric acid. The product, moDO- 
uitro-ar-tetrahydro-a-iiaphthol, is readily volatile with steam, for®- 
orange-coloured salts with alkalis, and condenses with diazow'®' 
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ompouflds, forming azo-dyes. This behaviour is very similar to 
hat of o-nitrophenol, and the compound is presumably an ortho- 

lerivative. 

By increasing the q^uaiitity of nitric acid to two and a-half mole- 
ular proportions and nitrating in the same manner, the nitro- 
ulpbonic acid separated as before, but on warming the mixture ~ 
„ 50 ®. the product Became insoluble in cold water. This com- 
,o\nid proved to he dinitro-ar-tetrahydro-a-naphthol. 

{ii order to obtain 4-nitro-nr-tetrahydro-a-naphthol, an attempt 
vas made to prepare the corresponding nitroso-derivative. By the 
If t ion of one molecular proportion of nitrous acid on nr-tetrahydro- 
i-naphthol, there was obtained, together with unaltered tetra- 
lydroa-naphthol, a product which crystallised in yellow needles 
nclting at 163®. This substance did not give Liebermann's nitroso- 
taction and was not affected by alkaline potassium ferricyanide. 
Analysis proved it to be a mononitro-«r-tetrahydro-a-naphthol. 
Uv increasing the amount of nitrous acid to two molecular propor- 
ions, the whole of the or-tetrahydro-omaphthol was converted into 
his nitro-compound. It was not volatile with steam, formed 
rellowish-brown salts with alkalis, and did not condense with 
liazonium compounds. The properties of the compound are 
mnilar to those of j^nitro phenol, and the substance is presumably 
■he parauitro-derivative of tetrahydro-o-naphlhol. 

On further nitration, both raononitro- derivatives give rise to the 
ihove dinitro-compound. The relationship of these compounds is 
herefore shown by the scheme on p. 966. 

On account of the importance of 2 : 4-dinitropheiiol in the pre- 
)ai-atiou of sulphide dyes by the action of the polysulphide fusion, 
t appeared of interest to examine the behaviour of dinitro-/f/‘' 
etrahydro-a-naphthol when subjected to a similar treatment. An 
equivalent quantity of this compound was substituted for 2:4-di' 
litrophenol in a technical process for the production of the well- 
uiown black sulphide dye (Sulphur Black T, etc.). The product 
jossessed sulphide dyeing properties, but it was tinctorially weak 
ind valueless. 


2^:-Tttrahy(lro-a-naphiho^. (I, p. 966). 

The or-tetrahydro^a-naphthol required in the following experi- 
nent was obtained by the method described by Bamberger and 
^Ithausse {loc. cit.). ar-Tetrahydro-aniaphthylarnine was diazo- 
ised in the presence of excess of sulphuric acid, the mixture heated 
tJitil the evolution of nitrogen ceased, and then distilled in a 
■^irrent of steam. The product fomied shimmering, silvery plates 
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melting at 69° (Bamberger and Althansse give C8’o— 69'^). 
further quantity of <'//''tetrahydro-a-iiaphthoI was prepared tr 
Jacobson and Ttirubull's modification 1898, 31 , 897) o! 

Bamberger and Bordt s (/icr., 1890, 23 , 215) method, coiisistiiij 
in the reduction of a-naphthol in boiling amyl-alcoholic soliitioii 
with a large excess of sodium. Of the two methods of preparation, 
the former is to be preferred, owing to the fact that at least four 
times as much sodium is required to reduce a-naphthol conijiletelv 
to «/'-tetrahydro-a-naphthol as is lequired to reduce a-naphthyl 
amine to or-tetrahydronaphthylamine. 
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^T-Tetrahydro-a-7iaphthol-i-sulpIwnic Acid (II, p. 966)., 

Xeu grams of finely powdered (/r-tetraliydrfMf-uaphthol wei'e 
.jilted into 20 grams of cold concentrated sulphuric acid. When 
lOinpletely dissolved, the solution was allowed to remain for two 
(lay^ at the ordinary temperature, and the mixture was then diluted 
with water and filtered from a trace of unsulphonated ar-tetra- 
hvilro-a-naphthoL The filtrate was neutralised with milk of lime, 
and the calcium salt, after removal of calcium sulphate, was con- 
verted into the sodium salt, evaporated to dryness, and the residue 
dissolved in a little water and alcohol added until the mixture 
was opalescent. On allowing to remain, sodium 'AT-ittmliydru-a- 
nuphthol-^-aulphrmate crystallised in colourless, prismatic needles. 
The crystals soon effloresce on exposure to air, leaving an amorphous 
powder. Both the sodium salt and the free sulphonic acid are 
very readily soluble in water. The sulphonic group is readily 
hydrolysed by boiling with dilute acids, nr-tetrahydro-a-naphthol 
being regenerated. ^.v-Tttrahydro-a-JiaplitJwlA-sid phonic acid in 
neutral or alkaline solution does iiot coLipIe wdth diazonium salts 
to form az 0 ‘ compounds. 

A sample of the sodium salt dried at 60° was employed in the 
following analysis: 

()•2288 gave 0‘2096 BaS 04 . S=12’o8. 

CioHiiO^SNa requires S = 12'80 per cent. 


'2-Nitro-d.r-tetrahydro-a-naphtJiolA-sul phonic Acid (III, p. 966). 

Eight grams of «r-tetrahydro-a-riaphthol were dissolved in 
16 grams of cold concentrated sulphuric acid. The solution was 
allowed to remain for two days, diluted with 25 c.c. of water, 
cooled in ice, and nitrated with 3' 7 c.c. of nitric acid (one mole- 
cular proportion, D T4) diluted with 8 c.c. of water. The nitro- 
sulphoriic acid separated in yellow needles, which were collected, 
and a further quantity was obtained by adding an excess of hydro- 
chloric acid to the filtrate. The product was recrystallised by dis- 
solving in a little water and adding hydrochloric acid. %NitTo- 
^^'tctrahydro-a-naphthol-i-sidphoiiic acid crystallises in long, pale 
yellow, flat needles melting at 182°, which are readily soluble in 
water or alcohol. It dissolves in dilute alkalis with a yellow colour, 
mrming very readily soluble salts, and the free sulphonic acid is 
“idy 1‘eprecipitated by the addition of a large excess of acid. The 
^'iilphonic group is readily liydrolysed oii boiling with dilute 
^ulphuria acid (1 ; 1). 

CXITI. V V 
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An air-dried specimen was employed for the following analyses: 

0'4158 gave 18’4 cx. Ng at 48® and 747 inm. N = 5'04. 

0-263‘^ „ 0-2217 BaS04. S = U-57. 

CioHiiOfiNS requires N — 5-12; S — 11*72 j>er cent. 

O’Ol required 7-7 cx. TiCl^ (1 cx. =0-001556 gram Fe). Calcu- 
lated as CioH 9 (OH)(S 03 H)-N 02 = 99‘5 per cent., that is, 6H 
required for reduction. 

2-Nitro-B.T:~tefrahydrO'a-naphihol (IV, p. 966). 

2-Nitro-a7’-tetrahydro-a-naphthol-4-sulphonic acid was boiled 
with dilute sulphuric acid (1:1) and distilled in a current of steam. 
When crystallised from ether, "l-nitro-B.v-tetrahydro-a-naphthol 
forms long, yellow needles melting at 56®, which are readily soluble 
in organic solvents but sparingly so in water. It is readily volatile 
with steani and possesses a sweet, pleasant odour. 

2-Nitro-or-tetrahydro-o-naphthol dissolves in sodium hydroxide 
with an orange coloration. The sodium salt crystallises from a 
hot concentrated aqueous solution in orange-red, shimmering plates 
or needles. 

2-Nitro-rtr-tetrahydro-a-naphthol couples with diazoniiuii com- 
pounds, forming azo-dyes. It may be estimated by titration with 
a standardised diazonium chloride solution : 

0'2246 gave 14-1 c.c. N 2 at 18® and 747 mm. N = 7-14. 

C^qH^iOsN requires N = 7*25 per cent. 

O'Ol required 11'6 cx. TiClg (1 c.c. = 0*001495 gram Fe], 
Calculated as CioHio(OH)*N02^ 99 6 per cent., that is, 6H 
required for reduction. 

0*3 required 15*4 c.c. A/ lO-^-nitrodiazobenzene. Calculated as 
CioHi„(OH)-N 02 = 99*07 per cent. 

i-]yitrO‘3LX-tHrakydro-a-jiaphthol (VI, p. 966). 

Ten grams of rtr-tetrahydro-a-naphthol were dissolved in socliuiii 
hydroxide, the solution being diluted with wat-er to 300 c.c. To 
this, an aqueous solution of 7*2 grams of sodium nitrite (two mole- 
cular proportions) was added, together with 200 grams of ice. One 
hundred c.c. of 10 per cent, sulphuric acid, contained in a droppiiig 
funnel, the end of which dipped below the surface of the liquid, 
wxre then slowly run into the mixture with constant agitation- 
The yellowish-white .precipitate was collected and washed with cold 
water. The major portion dissolved in sodium carbonate solution- 
and was filtered from a small quantity of a tarry residue. From 
the filtrate, the product was precipitated by dilute acetic acid. 

•i’yitrO’d.v-tcfra/rf/dro-a-naphthol crystallises from dilute alcohol 
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yellow needles melting at 163®. It is not volatile with steam. 
li dissolves in sodium hydroxide with a yellowish -hr own colour, 
acd on the addition of excess of alkali the sodium salt crystallises 
in brown needles. Its salts are more readily soluble in Avater than 
those of the isomeric 2-nitro-corapound. 
4 . 1 ^itro- 07 *-tetrahydro-o-naphthol does not couple with diazoniuin 

compounds : 

0-2432 gave 15'0 c.c. No at 18° and 758 mm. N-7-12. 

CjqHijOsN requires N = 7'25 per cent. 

0 0103 required 11*4 c.c. TiCl^ (1 c.c. = 0-00155(j gram Fo). 
Calculated as CioHio(OH)*N0.^99-0 per cent., that is, 6H 
required for reduction. 


2 : i-Dmitro-siv-tetrah^dro-a-naphthol (V, p. 966). 

Twelve grams of ar-tetrahydro-a-naphthol were dissolved in 
:i4 grams of cold concentrated sulphuric acid, the solution was 
allowed to remain for two days, and diluted Avith 32 c.c. of water. 
The clear liquid was cooled in ice and. nitrated with 14 c.c. of 
nitric acid (2-5 molecular proportions, D r4) diluted with 16 c.c. 
of Avater. The 2-nitro-ar-tetrahydro-a-naphthol-4'Sulphomc acid 
crystallised in a mass of yellow needles. The mixture was then 
warmed on the water-bath at 50° until the separated product was 
insoluble in cold water. The yield was almost theoretical. 2:4- 
Dmitro-&r4etrahydro-a-7iap]ithol crystallises from ether in large, 
yellow, rhombic prisms melting at 105°. The same substance is 
obtained by the further nitration of either 2- or 4-nitro-flr-tetra- 
hydro-a-naphthol. It is also formed by nitrating diazotetrahydro- 
naphthaleue-4-sulphonic acid. It is soluble in organic solvents, 
sparingly so in hot water, and is slightly volatile with steam. It 
dissolves in sodium hydroxide with an orange-brown colour, and 
the sodium salt crystallises from the solution in orange needles ; 

0‘2046 gave 20'4 c.c. N, at 18° and 764 mm. N = 1T63. 

^ 10 ^ 10 ^ 5^2 requires N- 11*76 per cent 

0*01 required 18*8 c.c. TiCl^j (1 c.c. — 0*001495 gram Fe). Calcu- 
lated as OmH9(OH)(NOo).>-99’5 per cent, that is, 12H 
required for reduction. 

IX a'Chloro-aiv~ictrahydro naphthalene. 

The preparation of 1-hromotetrahydronaphthalene from ezr-tetrd- 
hydro-a-naphthylamine by the Sandmeyer reaction has been 
described by C.‘ Smith (T., 1904, 85 , 729). Subsequently, Morgan, 
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Micklethwaifc, and Winfield prepared from it a bromodinitrotetra- 
hydronaphthalene (T., 1904, 8S, 747). 

In view of the great reactivity of 4'chloro-l * S-diuitrobenzene, we 
have now prepared the corresponding chldro- and chlorodinitro- 
derivatives of tetrahydronaphthalene in order to study the 
behaviour of the latter compound. 

When o-chloronaphthalene in boiling ainyh alcoholic solution is 
treated with sodium under the same conditions as ai'e employed 
for the preparation of «/'-tetrahydro-o-naphthylamine frojn 
a-naphthyl amine, a mixture is obtained consisting of dihydro- 
naphthalene, tetrahydronaphthalene, and unaltered o-chloro- 
naphthalene. The dihydronaphthalene was identified by conversion 
into the dibromide, melting at 74° (Bamberger and Lodter, 

1887, 20, 1706), and the tetrahydronaphthalene, by oxidation to 
O'carboxy-i9-phenylpropionic acid, melting at 166° (Bamberger and 
Kitschelt, Ber., 1890, 23 , 1564). Ko o-chlorotetrahydro- 

naphthalene was formed by this method. It was therefore pre- 
pared directly from ar-tetrahydro-a-naphthylamine by Sandmeyoi^ 
reaction. The yield of a-chlorotetrahydroiiaphthalene obtained 
not good, as a considerable proportion of nr-tetrahydro-a-naphthol 
and tetrahydronaphthalene was formed simultaneously. No 
improvement resulted from substituting copper powder for cuprous 
chloride in this reaction. 

The product obtained by nitrating o-chlorotetrahydronaphthalene 
with two molecular proportions of nitric acid in the cold was 
largely contaminated with an uncrystallisable resin. Purification 
was effected by repeated extraction and crystallisation from light 
petroleum, in which solvent the resinous matter was sparingly 
soluble. When pure, the product, chlorodinitrotetraliydro 
naphthalene, crystallised in almost colourless plates or needles melt- 
ing at 68°. It showed marked differences in behaviour towardi- 
amines, etc., from that exhibited by chlorodinitrobenzene. Thu'. 
whilst the latter reacts readily with a hot alcoholic solution of 
hydrazine hydrate, the chlorodinitrotetrahydrouaphthalene remain? 
unaltered. It is also not attacked by aniline or other amines. 
This inactivity must probably be attributed to sterical hindrance. 

On the other hand, both aromatic and alicyclic tetrahydro-a 
naphthyl amines condense with I-chloro-l : 3-dinitrobenzene, forming 
two isomeric dinitrophenyltetrahydro-a-naphthylamines. The con- 
densation product in the former case crystallises in red leaflet 
melting at 134°, and in the latter in golden-yellow plates melting 
at 121°. Both these pioducis were submitted to the action of tin' 
polysulphide fusion. No formation of dye occurred when the con- 
denser method was employed, but sulphide dyes were formed m 
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cas© when the temperature of the fusion was raised to 
160—170^. The dye derived from dinitrophenyhar-tetrahydro-o- 
naphthyiamine gave a bluish-green leuco-compouud, whilst the 
leiico- derivative of the dye derived from dinitrophenyl-<?c-tetra- 
hydro-tt-naphthylamine was olive-green. The dyes were tinctori- 
aily weak and dyed cotton grey from a sodium sulphide bath, 
presumably condensation, resulting in the formation of a dye, 
occui-s only at the dinitrophenyl end of the molecule in each case. 




a-C hloro-a.T-t e trahi/dronaph t haU >i e , 


H . Cl 

hI I I 
\/\/ 
H 


Forty grains (1 mol.) of r- tetr ally dr o-«- naphthyl amine, 80 c.c. 
(21' mols.) of hydrochloric acid, and 100 c.c. of water were ground 
into a fine paste and diazotised at 0*^ by the addition of a concen- 
trated ac][iieous solution of the requisite amount of sodium nitrite. 
The clear yellow solution of the diazonium chloride was slowly 
iiui into a solution of cuprous chloride, prepared by heating 311 
grains of cupric chloride with 15 grams of copper, 133 c.c. of hydro- 
(lilorio acid, and 28 c.c. of water until colourless. The orange-red 
coloratiou produced with each addition of the diazonium salt 
rapidly disappeared on shaking. The mixture was then raised to 
the boiling point ainl distilled in a current of .steam. The dis. 
tdiate, which consisted of a yellow, heavy oil, was washed with 
sodium hydroxide nntil free from f/r-tetrahydro-a-naphthol. The 
insoluble oil was dried over calciniu chloride and fractionaterl. 
The first fraction, distilling at 204—212'^, contained tetrahydro- 
iiajdithalene, and the second, distilling at 240—245'^, contained 
a-ehlorotetrahydronaphtlialeue. On refractionation, the major 
portion of the latter boiled at 250°/748 mm. a-Chloro-nv-tetra- 
hjdrmaplithalene is a colourless, refractive liquid with au aromatic 
odour similar to that of chlorobenzene. Unlike a-chloro- 
naphthalene, it does nob form a crystalline picrate : 

0-2528 gave 0*2164 AgCl. Cl = 21 17. 

C,qHi]^C 1 requires Cl — 21'32 per cent 
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\-Chloro-2 : i-dinitro-dLT'tetrahydronajyhthaleney 

H Cl 

hI 


MJO, 


\/\/ 

H NO, 


Six grams of a-chloro-ar-tetrahydronaplithaleue were suspended 
in 20 o.c. of concentrated sulphuric acid and nitrated with a mix- 
ture of 5 c.c. #f nitric acid (two molecular proportions, D 1*4) and 
10 c.c. of concentrated sulphuric acid at 0°. The mixture was 
poured on ice, the crude product forming a brown, viscid mass. It 
was extracted with ether, and the ethereal solution washed with 
sodium hydroxide until all the yellowish -brown colour was removed. 
Rosettes of pale yellow needles surrounded by an uncrystallisalile 
resin were deposited from the ethereal solution on keeping. After 
several cryst-allisatioiis from light petroleum, the product w;l^ 
obtaiueel in colourless plates or needles melting at 68^. It is 
readily soluble in organic solvents, is slightly volatile, and lias a 
sweet odour ; 

0*3426 gave 0T89 AgCl. Cl -^13-70. 

0‘2044 ,, 19*3 c.c. N, at 20^ and 754 nmi. ^-^0*7.5. 
CjoHcjO^N.Cl requu'es Cl- 1.T84 ; N-10-91 per cent. 

0 01219 required 30' 1 c.c. TiCl. (1 c.c. --0 001062 gram Ff), 
Calculated as Ci,H7(NO,,).Cl~99'9 per cent., that is. m 
required for reduction. 


2 : A-DinifrophenyJ-^ir-tf'traJnjdro-a-Nfi ph (hyfamin<\ 


NOa 

/\ 


'NO., 


H 


Nil 

I 


-(Y^ 

H 


A mixture of 5 grams of ftr-tetrahydro-a-iiaphthylamine aito 
G*9 grams of 4-chloro-l : 3 -dinitrobenzene was dissolved in 100 c.c 
of alcohol, a hot solution of 4‘6 grams of crystallisefl sodium acetate 
in a little water was then added, and the mixture boiled for eigh 
hours under a reflux condenser. Condensation proceeds rather 
slowly. The di nitroph enyl^r-tetrahy dr o-a-naphthyl amine separate? 
as it is formed in orange-red needles or plates. The product 
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crystaUises from alcohol in red leaflets melting at 134°. It is 
readily soluble in acetone, benzene, or acetic acid, but less readily 
ity in boiling alcohol and very sparingly so in cold alcohol. Addi- 
tion of sodium hydroxide to the yellow alcoholic solution produces 
a deep red coloration : 

01644 gave 18’9 c.c. N2 at 18° and 758 mm. N-13'28. 

C16H15O4N3 requires N = 13'42 per cent. 

0‘01 required 8'4 c.c. TiCl3 (1 c.c.-0-002510 gram Fe). Calcu- 
late as CicHi 5N(N02).2 = 99'87 per cent., that is, 12H 
required for reduction. 


2 : i-Dinifrophen(/l-&c-tttrahj/dro-a-}}ni)h fh yt ami ju' 

KO.> 


JNO, 


KH 


This compound, prepared in the same manner as the preceding, 
separates as an oil, which solidifies on cooling. It crystallises from 
alcohol in golden-yellow plates melting at 121°, which ;ue more 
i -adily soluble than the isomeric compo\nid. Addition of sodium 
hydroxide to the yellow alcoholic solution produces an orange-red 
coloration : 

0-1482 gave U’l c.c. N,, at 18° and 758 mm. 13-32. 

CjgHjgO^Ng requires N = 13'42 per cent. 

0-01 required 8-4 c.c. TiClg (1 c.c. =0'002510 gram Fe). Calcu- 
lated as Ci 6H^5N(N0.2)2^99’87 per cent., that is, 12H 
required for reduction. 

In conclusion, we desire to express our thanks to Miss Eva 
Hibbert, who has kindly carried out the titanous chloride titra- 
tions of the nitro-corapouuds described, and to Messrs. Levinstein, 
Ltd., who have kindly supplied 11? with the materials required in 
this investigation. 

DYESTOFrs Reseabch Laboratory, 

College of Technology, 

Manchester. [Received, October 1918.] 
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LXXXVIIL — The n-Butylarylamines. Part 1. Tht 
Action of n-Butyl Chloride on o- and ^-Toluidines 
By Joseph Reilly and Wilfked John Hickinbottoh. 

Whilst the methyl- and ethyl-arylamines have been extensively 
investigated, the study of the members of this series containino 
larger alkyl groups has hitherto been practically neglected. Xhu«^ 
in the case of the n-butylarylamines, with the exception of the 
n-butylanilines, so far as we are aware, no members of this group 
have been recorded in the literature. The aniline derivatives were 
prepared by the action of ?i-butyl chloride on the free base {T 
1917, 111 , 1026), and in the present fiivestigation this reaction has 
been extended to the butylation of o- and p-toluidine. This was 
carried out by a similar method, and also by heating the amine 
with -butyl alcohol in the presence of a condensing agent. Froni 
stereochemical considerations, the increase of the substituting alkvl 
group from a one- to a four-carbon chain may have a definite effort 
In the chain of carbon atoms present in the wdmtylaryl amines, tlio 
terminal carbcni atoms are probably nearer the nucleus than tho I 
corresponding carbon atoms in the lower alkyl derivatives. Con 
sequently, the relation between these atoms and those in the 
benzene ring may be more intimate than if smaller carbon chains 
were present, and from the comparative study of these different 
types of compounds, light may he thrown on the ^[iiestion of ritij 
formation. 

When dealing with the alkylation of aniline, it was only nece.'-- 
sary to take into accoujil: the entering group, but in the case of tk" 
tolui dines, the influence of the group already in the ring has to 
be considered. «-Butyl chloride reacts with ;j!>toliudine, prodiiciii[: 
both secondary and tertiary aryl amines. In the reaction between 
?i-butyl chloride and o-toluidiiie, however, it was found that mono- 
^j-butyl-o-toluidine alone was obtained. Comparative experiment? 
on the methylation and butylation of o-toluidine were carried out 
under conditions in which the dimethyl derivative was obtained, 
The corresponding di-7i-hutyl derivative, however, was not formed, 
the mono-7i-butyl compound being the principal product. The 
introduction of the n -butyl group probably causes an accumula- 
tion of carbon atoms in Bischoff’s “ critical positions,” which pre- 
vents any reaction between a second molecule of w -butyl chloride 
and the imino-group. 

Regarding the two series of raono-?t-butyltoluidines, on the one 
hand, with the para-compound, all migration to the para-position 
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js prevented, as it is already occupied * whilst in the ortho-com- 
pound the formation of para-substituted derivatives is possible. 
Derivatives were therefore prepared of the two series in order to 
compai'^ their properties. <>Tolyhi\-hutylnitrosoiimine in the 
resence of alcoholic hydrogen chloride yields the correeponding 
;uf/wo-compound, whilst when the nitrosoamiue of n-biityl-p- 
toluidine is warmed with alcoholic hydrogen chloride, the nitroso- 
ffroup is completely removed. Similarly, all attempts to effect a 
^iffratioD of the nitroso-gtoup to the nucleus failed. On the other 
band it was found that by allowing diazotised sulpha tiilic acid to 
combine with w-butyl-p-toluidilie (I) in acid solution,' a mixture of 
diazoamino and oazo-compounds was obtained, namely, ^-methyl- 
'^.xi-butyldiazoaminohenzene-i^-sulphonic acid (II) and Z-p-sulpho- 
lenzeneazO‘Ti-butyl~Tp-toluidine (HI). Under similar conditions, 


NH*C4Hy 

A 


V 

Me 


(I.) 




N(C,H,)-N 2 'C,H,-S 03 H- nh-c,h. 


A 

^ “4— 

-> /\n,'0,HvSO,H 

\/ 

1 1 
\/ 

Me 

Me 

(11.) 

(HI) 


,i.butylaniline gave almost exclusively the para compound (this 
vol., p. 99). 

The blue, crystalline p-nitroso-compound of rj-butyl o toluidine 
^IV) has the property of forming additive compounds with metallic 
salts. The dark green, crystalline aoprichloride was isolated. By 
the action of alkali hydroxide on S-uitroso /i-bulyl-o-toluidine (V), 
this compound was decomposed, with the iormation of «-butyl amine 
and 5-nitroeo-o-cresol, thus proving the migration of the nitroso- 
group m o-tolyl-n-butylnitrosoamine to the ring and establishing 
the orientation of the nitroso-compound. 


N(N0)*C4H^ 

. NII'OjH,, 

OK 


> - 


! 1 
\/ 

\/ 

\/ 


NO 

NO 

(IV.) 

(V.) 



Di-/idiutyl-p-toiuidiuo is nob affected to auy appreciable extent 
by the action of nitrous acid for a short time, consequently the 
secondary and tertiary amines were separated by the use of this 
agent, the tertiary amine being recovered unchanged, whilst the 
secondary amine was obtained from the resulting nitrosoamiue by 
the action of hydrochloric acid or by reduction. Another method 
Available for the separation of the secondary and tertiary n-butyl- 
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/j-toluidiilijs dfepeftds on tli« difference in tlie physical properties ot 
the picrates. The picrate of mono-n-butyltoluidine is an oil, wbibt 
that of the di-?t-butyl compound is a solid which is readily obtained 
in a crystalline form. 

/i^Butyl-p-toluidine was also obtained by heating n^-butyl alcohol 
with p-toluidine hydrochloridev At about 140*^, the secondary 
amine was produced, but on increasing the temperature, the yield 
diminished, and at about 240° no //-butyl-p-toluidine was isolated. 
Instead, a primary amine was collected in a fraction boiling 
between 255° and 270°. The other products consisted of a 
secondary amine of a higher boiling point, together with some 
ammonia, and a substance which had an odour resembling that of 
quinoline. The action of acids changed the latter substance to a 
resinous material. It is apparent that, even at the temperature 
employed, the reaction is not a simple one. The butyl group prob 
ably enters the nucleus, but the reaction is complicated by the 
presence of the methyl group which is already in the ring. In 
order to study this reaction more fully, therefore, it was decided 
first to investigate the action of «-butyl alcohol on aniline hydro- 
chloride before proceeding to the more complex cases of o- and 
p-toluidine. The authors have already shown (this vol., p. I[l2i 
that «-butyl alcohol and aniline hydrochloride, when heated under 
pressure at a temperature below 200°, furnish mono-n-butylaniline 
(VII). The presence of a primary amine was also shown, and at 
the time this was assumed to be aniline. It is possible that a 
small quantity, at least, of a new amine was present. At higher 
temperatures, the amount of this amine increases. Thus, on heat 
ing a mixture of aniline hydrochloride and 7 j-butyl alcohol k 
approximately molecular proportions to 240—280° for six to ten 
hours, the chief product was identified as ]^^amino-n-hutylbenzcv.( 
(VIII). It gives a sulphate which is almost insoluble in water. 
There were higher butylated products, consisting probably for the 
most part of p-n-hutylamino’n-butylhenzene (IX.) . This reaction 


/\ 

I I 

\/ 

(VII.) 


(VIII.) 


NH-C^Hy 

/N 


(IX.) 


is interesting in that it throws some light on the production oi 
alkyl nuclear substituted arylamines. The production of p-amino' 
«-butylbenzene would seem to follow from an intramolecuh^ 
change of the fi^butylaniline which is first produced. If this 
the case, the reaction is remarkable in that it would indicate an 
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appreciable change in the stability of the alkyl-substituted anilines 
the molecular weight of the alkyl group increases, especially 
when it is remembered that dimethyl aniline may be produced in 
almost quantitative yield by the action of methyl alcohol on aniline 
at in the presence of a catalyst. The production of y?-toluidine 
from methylaniline is stated to require a temperature of 300*^, yet 
it is possible to obtain jj-amino-n-butylbenzene from aniline hydro- 
(»hloride and /t-butyl alcohol at as low a temperature as 200°. 
These results would indicate that the n-butyl group is attached to 
the nitrogen atom less firmly than is the methyl or ethyl group in 
corresponding compounds, n-Butyl alcohol readily loses water 
with the production of butylene, and it is possible that butylene, 
if formed, may react directly with the benzene nucleus with the 
production of a butylbenzene derivative. The question of the 
introduction of the ft-butyl group into the benzene ring is being 
further investigated. 


Experimental. 

By heating 2 ^toluidine with 7i-butyl chloride, both mon(v and 
(U-?i-butyl-p-toluidines- were formed. A solution of dry, powdered 
p-toluidine (1 mol.) in n.-butyl chloride (2*5 mols.) was heated on 
a sand-bath under reflux until no more ri-butyl chloride was con- 
densed. This operation usually required sixty to eighty houi*s. 
By the addition of a small quantity of a substance such as iodine 
to the mixture, the time of heating was reduced. The contents 
of the flask, which were partly solid, contained the hydrochlorides 
of the mono- and di-alky 1-p-toluidines, together with some un- 
changed p-toluidine and n-butyl chloride. The unchanged y^-butyl 
chloride was distilled off, the residue dissolved in water, treated 
with sodium carbonate or hydroxide solution, and the separated 
amines then removed by ether. To the ethereal extract an excess 
of zinc chloride solution (20 per cent.) was added, when ;p-toluidine 
zincichloride was precipitated. By washing the precipitate re- 
peatedly with small amounts of ether, the mono- and di -substituted 
toluidines were removed, and were thus freed from the greater 
hulk of the ^^toluidine. The ethereal layer was dried, and on 
J'emoval of the ether an oil remained which, on distillation, gave 
crude mono-?r-butyl-_p-toluidine at 250—260°, and crude di-n-butyl- 
p-teluidine at above 260°. 

Pure mono-;z-butyl-j 5 -toluidine was obtained by reducing its 
nibrosoamine with zinc dust and hydrochloric acid. The crude 
product (20 grams) was dissolved in a solutioiv of 40 c.c. of con- 
centrated hydrochloric acid in 100 c.c. of water, and then cooled 

p P*" 2 
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in ice. A slight excess of concentrated sodium nitrite solution 
was added to the cold mixture, when the nitrosoamine was formo*] 
which was removed by extraction with ether. The ethereal 
extract was washed with alkali hydroxide and dried over potassium 
carbonate. The p*tolyl-7i-butylmtrosoamine (20 grams), freed from 
ether, was mixed with concentrated hydrochloric acid (90 grams), 
and zinc dust gradually added in small amounts until an excess 
was presMit, the mixture being then heated on the water-bath, for 
a short time. Excess of zinc dust was removed from the mixture 
by filtration, the zinc being washed several times with small 
amounts of absolute alcohol. The filtrate was acidified with hydro- 
chloric acid and the alcohol removed by distillation. 7i-Butyl-p. 
toluidine was obtained from the acid residue by adding excess of 
sodium hydroxide solution, followed by ether extraction or steam 
distillation. The amine obtained in this manner usually contained 
a small quantity of substances which on distillation gave free 
ammonia. Traces of hydrazine might be produced during the 
reduction, and would be present in the amine. These impurities 
were removed by heating an ethereal solution of the crude n-butyl- 
p- toluidine with yellow mercuric oxide in the presence of alcohol 
under reflux. By using sodium hyposulphite for the reduction of 
the nitrosoamine in aqueous suspension or in aqueous-alcoholic so)u- 
tion, the greater part of the nitrosoamine was recovered unchanged, 

The effect of heating the nitrosoamine with an excess of an 
71 - butyl-alcoholic solution of hydrogen chloride was also investi- 
gated. On gently warming, a vigorous action ensued, oxides of 
nitrogen being evolved. Heating on the water-bath for six hours 
completed the reaction. Alcohol and water were distilled off, aud, 
on keeping, the hydrochloride of the secondary amine crystallised 
out. This was purified either by boiling with animal charcoal 
followed by recrystallisation with water, or by converting it into 
the free base and passing dry hydrogen chloride into the benzene 
solution, when, on cooling, crystals of n-hutyl-x>'^olxiidine hyhn- 
chloride separated. These were collected and well washed with 
small amounts of cold benzene, when the hydrochloride was 
obtained as a white powder, which crystallised from alcohol in 
colourless, long, transparent needles or flattened prisms melting at 
150 — 15P. By slow evaporation of the alcohol, crystals up to 
5 cm. in length were obtained: 

0T988 gave 12-2 c.c. N^, at 17^ and 759 mm. N = 7*21.** 
0T116 „ 0-0804 AgCl. Cl = 17-82, 

. CiiHi^NjHCl requires N = 7-02; CI^ 17-76 per cent. 

* The nitrogen in every eatimation was measured over 40 per cent, potassi^ 
hydroxide solution. Pressures corrected for vapour tension sue recorded. 
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The hydrocMoride is readily soluble in alcohol, water, or chloro- 
form, less readily so in warm benzene or amyl acetate, sparingly so 
in cold benzene, and insoluble in ether or light petroleum. 

j^^Butyl’P-tokiidine, obtained from the hydrochloride by the 
action of alkali hydroxide and extraction in the ordinary way, is 
an almost colourless oil boiling at 264—265^/766 mm. and miscible 
^vith most organic solvents. It distils in a current of steam : 

0‘1036 gave 0-3062 COo and 0-0998 H,0. 0 = 80*60; H = 10-70. 

0 1043 ,, 7‘95 c.c. Na at 20-5° and 751 mm. N = 8’76. 

CjiHirN requires 0 = 80' 91; H = 10-50; N = 8-58 per cent. 

A hot alcoholic solution of 7^-butyl-^^toluidine, when treated 
with an excess of an alcoholic solution of oxalic acid, gave a pre- 
cipitate of the. sparingly soluble n-hutyl-p-tokUdine oxalate. It 
crystallises from hot alcohol in white, shining plates melting at 

0-1870 gave 0-0410 CaO. 020^ = 35-20. 

CiiHi 7N,C2H204 requires 020204 = 36-55 per cent. 

The picrate "was obtained as a viscous, red oil which did not 
readily solidify. 

Aceto-n-hutyl'^-toluidide. — The acetyl derivative was prepared 
by mixing the amine (7 grams) with three times its weight of acetic 
anhydride in the presence of a small quantity of zinc chloride. 
The mixture at first became very warm, and after the first reaction 
had subsided, the solution was heated on a sand-bath for half an 
hour to complete the acetylation. On pouring into water and 
extracting with ether, the acetyl compound separated from the 
ethereal solution as a very pale yellow, refractive oil which dis- 
tilled at 294 — 295°/769 mm.: 

0*2000 gave 12*35 c.c. at 19*3° and 754 mm, N = 7-16, 
CjgHj^pON requires N = 6-83 per cent. 

Renzo-n-hutyl-^-tcluidide. — The henzoyl derivative, prepared 
by the Schotten-Baumann reaction, is a very viscous, pale yellow 
oil, distilling apparently unchanged at a temperature above 380° 
under the ordinary pressure : 

0-3011 gave 12-90 c.c. at 18-8° and 746 mm. N = 4-92. 
Ci802iON requires N = 5-24 per cent. 

^'Tolyl-n-hutylnitroioamine . — ^The crude nitrosoamine, prepared 
as above, was well washed first with dilute hydrochloric acid, then 
with sodium hydroxide solution, and finally with water, Distilla- 
tion in a current of steam gave the nitrosoamine as a pale yellow 
ril having a slight red tinge : 
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0-1829 gave 23-7 c.c. N, at 18° and 735 mm. N= 14-70. 

CiiHieONj requires N = 14-58 per cent. 

The compound is practically insoluble in water, but soluble in 
most organic solvents. It is denser than water, readily volatile in 
a current of steam, and gives Liebermann’s nitroso-reaction. By 
the action of an alcoholic solution of hydrogen chloride or by tie 
action of sulphuric acid on its ethereal solution, no formation oi 
nitrosoalkyltoluidine was observed. . , ■ 

By reducing the nitrosoamine in the cold with zinc dust and 
acetic acid, a mixture of bases was obtained containing some hydr- 
azine derivative. Although as-p-tolyl-'*-’^“¥liy<ira“ii6 has not 
been isolated, there is evidence that it is produced by the action 
of cold hydrochloric or acetic acid and zinc dust on p-tolyba-butjl- 
nitrosoamine. The amines are separated as hydrochlorides, and 
any »-butyl-p-toluidine hydrochloride produced is precipitated by 
cold benzene, in which it is only sparingly soluble; the dark scln- 
tion after removing the benzene, has reducing properties. By- 
boiling under reflux an alcoholic or ethereal-alcohoUc solution oi 
the amine with mercuric oxide, metallic mercury is obtained. An 
aqueons solution of the hydrochloride reduces Fehling's solution 
slowly on boiling. If the amine is distilled under the ordinaiy 
pressure, ammonia is liberated, and the distillate darkens ven 
rapidly in the air. These properties are in accordance with Hi 
assumption that a monoalkylhydrazine is present. 


From the fraction of the oil, boiling at above 260°, obtained by 
the action of n-butyl chloride on p-toluidine, by repeated frac- 
tional distillation, a pale yellow, refractive liquid, identified a.- 
the dialkylamine, was obtained which boiled at 282 — 284°/764 
It was also obtained pure from the crude mixture of mono- an 
di-n-butyl-p-toluidine by the following procedure The mixs. 
alkylamiue.s were dissolved in excess of dilute hydr^hlonc mi 
and treated with nitrous acid. The niti-osoamine of sewn ^ 
base separated as an oil, and was removed by ether. The site 
after being heated for half an hour on the 
rendered alkaline, gave S-r.butyl-v-Mdine. 
odour. On exposure to light and air, the practically coloiirl 
oil slowly turns to a claret or dark red colour : 

0-0596 gave 0-1799 CO„ and 0-0618 H,0. 0 = 82-33; H^l •>- 
0-1940 „ 11-15 c.c. N. at 22-1° and 751 mm. N = 6 57 

CijHjsN requires 0 = 82-12; H = 11'49; N-6 39 per 
Di-ii-hutyl-^-toliiidine is soluble in the common organic so v 



THE N-BUTYLARYLAMTNBS, PART I. 


981 


including acetic- add, and also in concentrated hydrochloric acid. 
^Vhea a solution of the base in an excess of dilute hydrochloric 
acid was treated with an aqueous solution of potassium ferro- 
pyanide, a white precipitate of the fcTtocyci'Mdc was obtained: 

0 1000 gave 0-0174 Fe^ 04 . Fe=12'6. 

(^] 5 S 25 N,H 4 Fe(CN )5 requires Fe=12-8 per cent. 

It is a white powder, practically insoluble"' in water, ether, or 
alcohol- On exposure to air and light, the top layer very slowly 
turns green. 

The jncrate was obtained by shaking the crude amine with an 
excess of aqueous picric acid solution. It crystallises from a mix- 
ture of ether and light petroleum in pale yellow, rectangular 
crystals melting at 109—110°: 

0-0706 gave S'l c.c. No at 26° and 745-8 mm. N = 12-85. 

^16H25N,C,jH 307N3 requires N = 12-50 per cent. 

Titration with Titanous CJdoride.—O'QlOi required 17-3 c c. 
TiCIg (1 C.C. = 0-001351 gram Fe). Calculated as 
^151^25^)^6^3^ 7 10^ '2 per cel t. 

It is soluble in alcohol or acetone, moderately so in ether, and 
very sparingly so in light petroleum. 


n~Butyl-o-tolmdine. 

By the action of ir-butyl chloride on o-toluidino in the manner 
described in the case of p-toluidine, n-hutyl-o-tolnidine was pre- 
pared. By fractionating the oil obtained after removing most of 
the o-toluidine as the sparingly soluble zincichloride, n-butyl-o- 
tcluidine was isolated as a colourless oil boiling at 258 — 260°/ 
771 mm. 

It is similar in general properties to the n-butyl-p-toluidine, 
has a faint, pleasant odour, and is lighter than water: 

0 1360 gave 9-85 c.c. Ng at 21° and 754-2 mm. N = 8-35. 

CijHi 7 N requires N = 8-58 per cent. 

As there was no fraction boiling above 260°, it would appear 
that di-n-butyl-o-toluidine is not formed under these conditions, 
and accordingly n-butyl-o-toluidine was heated on a sand-bath 
under reflux with a large excess of 7i-butyl chloride for ten days. 
Even after this period, it was not possible to isolate any di- 7 t-butyl- 
tJ'toluidine, the product being for the most part unchanged mono- 
« - butyl -o-tolu i dine. 

The monoalkyl compound gives an almost colourless acetyl deriv- 
ative, which is an oil : 
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0-2044 gave 12*1 c.c. at 23° and 749*3 mm , N = 6'73. 

CjgHjgON requires N-6’83 per cent. 

By the action of sodium nitrite solution on 
dissolved in hydrochloric acid, <ytdyl<i‘butylnitrosoamint was 
obtained as a yellow oil, which is volatile in a current of steam and 
has a characteristic odour: 

0*1038 gave 13-0*C.c. N 2 at 21° and 753'8 mm. N=14‘42. 

C 11 H 10 ON 2 requires N = 14'58 per cent. 

h-Nitroso-n-hutyl-o-toluidine Hydrochloride, — By the action of 
alcoholic hydrogen chloride on the nitrosoamine in ethereal solu- 
tion, the hydrochloride of the nitroso-derivative was obtained in 
good yield as a pale, greenish-yellow powder. On, heating, it 
decomposed with a feeble explosion at 136°, darkening at a few 
degrees below that temperature : 

0’1274 gave 0*0815 AgCl. Cl ==15*82. 

CijHiflONgjHCl requires Cl = 15-51 per cent. 

The hydrochloride is readily soluble in water, giving an intens* 
yellow solution. It is also readily soluble in alcohol and practic- 
ally insoluble in ether. The addition of a dilute solution of 
ammonia to an aqueous solution of the hydrochloride resulted in 
the precipitation of b-nitroso-n-hutylo-tdluidme. Extraction with 
ether and removal of the solvent furnished the base as a green oil, 
which quickly solidified to a blue, crystalline compound. Erom a 
mixture of ether and light petroleum, it crystallised in masses of 
deep blue needles melting at 50°: 

0-1448 gave 18-8 c.c. Nj at 25° and 749*4 mm. N = 14-67. 

Cj^HjgONg requires N = 14*58 per cent. 

It is soluble in benzene, jnefchyl alcohol, or acetone, moderately 
so 111 carbon disulphide, sparingly so in ether, and practically 
insoluble in light petroleum. 

b-Nitroso-TLi-h iityl-o-toliiidine Cupnchloride . — The nitroso-base 
(2-5 mols.), dissolved in a small amount of hot methyl alcohol, was 
added to a hot aqueous methyl-alcoholic solution of cupric chloride 
(1 mol.). The mixture, on keeping overnight, deposited dark 
green crystals of the cupnchloride : 

0*1573 gave 0-0837 AgCl. Cl = 13-2. 

(CuHieON2)„CuCl2 requires CI = 13’5 per cent. 

The nitroso-oompound was decomposed by alkali hydroxide as 
follows. It was added to an excess of 10 per cent, sodium hydr- 
oxide solution, and steam passed into the solution. The colour 
rapidly became reddish-brown, and at the same time ammoniacal 
vapours were evolved, which were absorbed in hydrochloric acid 
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(20 per cent.)* After the steam h^d passed in for about ten 
nuuutes, the residue^ in the flask wag filtered, the filtrate slightly 
^pjdified with dilute sulphuric acid, and finally eixtracted with 
ether. From the ethereal solution, crystals were obtained which 
jnelted at 132-^133°. 

The compound had properties similar to those of 5-nitroso-o- 
creeol, and the hydrochloric acid solution was shown to contain 
/i-butylamine. This decomposition confirmed ‘the constitution of 
the nitroso-compound. 


Action of U'Buti/l Alcohol on Primary Ai'yhinine Salts, 

Pure jtf-toluidine hydrochloride (10 grams) was heated in a sealed 
tube with 7^-butyl alcohol (7’5 grams) at an initial temperature of 
220'^, gradually rising to 260°. The heating was stopped after 
seven to eight hours. On slowly cooling the tube, its contents 
partly solidified. In addition to the crystals, a dark brown, viscid 
liquid was present, and also a gas, which had an odour resembling 
that of butylene, burning with a smoky flame. On rendering the 
contents of the tube alkaline, an ammoniacal odour wag perceived. 
On extraction with ether followed by distillation, the main frac- 
tions boiled between 220° and 300°, a residue being left in the 
flask. From the fraction boiling at 220—230°, a small amount of 
a substance was obtained of characteristic odour, which was in- 
soluble in dilute hydrochloric acid solution and appeared to be 
resinified by concentrated hydrochloric acid. 

The fraction boiling at 255 — 270° contained a considerable 
amount of a primary amine, with only a small quantity of a 
secondary amine. It was evident that the production of Ti-butyl- 
/^olnidine had not been realised, but that a more complicated 
reaction had occurred. The evidence points to the production of 
au aniinobutyltoluene, and in order to study this type of reaction, 
the p-toluidine was substituted by aniline. 

Aniline hydrochloride (1 mol.) was heated at 240 — 260° in a 
sealed tube with n-butyl alcohol (T3 mols.) for seven to eight 
hours. On opening the cold tube, there was a slight pressure of 
gas, and the contents of the tube had partly crystallised. The 
product was rendered alkaline and distilled. A fraction boiling 
at 255 — 265° was obtained, which was characterised by yielding 
an insoluble sulphate^ from which was prepare<l a primary amine 
boiling at 258 — 260°/ 750 mm. Its properties indicate that it is 
an aminohutylbenzene : 

0'0745 gave 6'20 c.e. N 2 at 20'2° and 740*9 mm. N — 9‘45. 

CjqHijN requires N— 9‘39 per cent. 



984 


REILLY A5P HK KINBOTTOM : 


It is ii pale yellow oil which slowly becomes red.. It is practic- 
ally insoluble in water, and gives no characj^eristic colours with 
bleaching powder solution or with chromic acid. It cau 
diazotised, and the resulting diazoniiim salt combines with alkaline 
3-naphthol to yield a red aso-compound, which dissolves in co!i- 
centrated sulphuric acid with a purple-red colour. This primary 
amino is being further studied. 


Combination of Mo 7 i 0 'ii-hittyl-i>'toluidine with Dnizotmd 
Snlfhanilic Acid. 

Sulphanilic acid (2-o grams) was diazotised, and the solution 
slowly added to a solution containing a similar weight of mono-n- 
butyl-p-toluidine in 30 grams of glacial acetic acid. The mixture 
rapidly became blood-red, but, after eight hours' shaking and then 
allowing the solution to remain for forty-eight hours, it was very 
dark in colour, whilst dark brown needles had separated. These 
were collected, and as they were very soft and viscid, they were kept 
for a few days in a vacuum desiccator over potassium hydroxide, 
when they were obtained as a hard, red mass of crystals. After 
being washed with water, in which they are only sparingly soluble, 
they were recrystallised from aqueous alcohol, and obtained in 
large, red, crystalline plates. 

From the free acid, the potas&iuin salt was prepared by adding 
a solution of potassium hydroxide (slightly more than 1 mol.) in 
methyl alcohol to a concentrated solution of the acid in absolute 
methyl alcohol. The potassium salt was precipitated as a briglu 
red powder soluble in water, but sparingly so in absolute naeth)i 
alcohol ; 

0-1794 gave 0-0408 K2SO4. K — 10'2. 

C17H.20O3N3SK requires K = 10-l per cent. 

The reduction of the crude potassium salt by means of sodium 
hyposulphite in warm aqueous solution gave, on making alkaline 
with sodium hydroxide, an oily layer, which became dark blue on 
keejjing. The product contained a secondary amine, as shown by 
the action of nitrous acid, which gave p-tolybrt-butylnitrosoamiue. 
In addition, a diamine was present, probably an amino-z/ butyl p- 
toluidine, which was readily oxidised to a blue compound. The 
formation of the above two reduction products indicates that tbe 
product of combination contains the azo- and the diazoamino 
compounds. 

The pure diazoamino-com^oxinfi was obtained by allowing t 
diazotised solution of sulphanilic acid to combine with the awnic 
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in alcoholic adiution under the following conditions. n.-Butyl-'j^ 
tolaidioe (4*5 grams) was dissolved in alcohol (250 c.c.) and treated 
with a diazotised solution of sulphanilic acid (5 grams). The solu- 
tion was shaken, and as the combination proceeded the colour 
changed to red. The addition of saturated sodium acetate solu- 
tion, followed by removal of the alcohol on the water-bath, gave 
yellow crugts of the sodium salt of ^■methyl-'^-n-hutyldiazo(minQ‘ 
Icnzcne-^’-sulphonic acid in a crude fonn mixed with sodium 
acetate. The purified compound is sparingly soluble in concen- 
trated sodium acetate solution, but soluble in water. The free 
(liazoamino-compound was prepared by treating the, aqueous solu- 
tion of the sodium salt with a slight excess of dilute sulphuric acid 
(1 mol.) in the presence of an excess of ether, when the pale red, 
free acid was dissolved by the ethereal layer. Treatment of an 
absolute alcoholic solution of the acid with a slight excess of 
alcoholic potassium hydroxide gave a pale red precipitate of the 
potassium salt: 

0'0775 gave 0-0180 K2SO4. K = 10'4. 

Ci7H2o03NgSK requires K==10T per cent. 

Reduction of the potassium salt in alkaline solution by means 
of hyposulphite gave a secondary amine which was isolated in the 
form of its hydrochloride. The amine was identified as ?i.-butyl- 
j7-toluidine. 

[Received November 1th, 1918,] 


LXXXIX , — The n-Butylarylamines. Part II. Nitration 
of Mono- and Di-n-butyl-'p4oluidiiies. 

By Joseph Reilly and Wilfred John Hickinbottom. 

The authors have made a study of the products of nitration of 
mono- and di-n-butyl-p-toluidine, which bases are described in the 
preceding paper. In the presence of an excess of sulphuric acid 
and the theoretical amount of nitric acid for the introduction of 
one nitro-group, the production of 2 - 7 iitron-butyl-^-ioluidine (I) 
proceeded smoothly, the pure compound being readily obtained 
from the recrystallised hydrochloride or sulphate. A more readily 
soluble portion, after precipitating tbe greater part of the 2-nitro- 
com pound as the hydrochloride, contained small amounts of 
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another nitro-coinpouiid. By using more than the calculated 
amount of nitric acid for the introduction of one nitro-gioup. a 
small amount of a white solid was isolated, crystallising in uhite 
needles melting at 122 — 125°. 



When ac6to-7t-butyl-_p'toluidide (III) was nitrated in acetic acid 
solution by means of fuming nitric acid, a nitroacetyl compound 
was obtained differing from that produced by the action of acetic 
anhydride on the 2-uitro- derivative. Hydrolysis by means of 
sulphuric acid (60 per cent.) yielded 2-7iitr(yR-hutyl'-'^4Qlmd'm 

(IV) , which gave a soluble sulphate and hydrochloride. 

By the action of nitric acid on a solution of the amine in glacial 
acetic acid, the chief product was 3 ; b-dinitro-n-hutyl-^-toluidiM 

(V) , which is an orange-red, crystalline solid melting at 53—54'^. 
Under more vigorous conditions, a pale yellow compound \U5 
formed, identical with that obtained by the action of nitrous acid 
on the dinitro- derivative, and was consequently the nitrosoaminc, 
which, by further action of nitric acid, was converted into tlie 
corresponding nitroamine. When 2-nitrodi-butyl-^toluidine 
nitrated either by duming nitric acid or by a mixture of sulphuric 
and nitric acids, a trinitro-ip-tolpl-'n.-hutyhiitroamine (II) was pro- 
duced, the nitrO'groups being probably in the 2 : 3 : 5-positians. 

The nitration of di-«-butyl-^toIuidine in sulphuric acid by means 
of the theoretical amount of nitric acid yielded 2-nitrodi-n-hut^j^' 
p-tolifidme (VI), and nitric acid in glacial acetic acid gave 
same introsoamine as was obtained from the monoalkyltoluKliH* 
under similar conditions, namely, 3 
amine. 
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(vn.) (VIII.) 

It, was considered that an examination of the products of nitra- 
ion of ^^butyl-/^toluidine would throw some light on the 
iiedianisni of nitration. With a small amount of nitric acid, a 
linitro- and a mononitro-compound were obtained ; on the other 
i;in(l, with an excess of nitric acid, varying amounts of ilinitro-^^ 
oIvl'H-butylnitroamiiie and iiitrosoaTuiiie were protluce<l, the 
uiiniint' of the nitroaraine increasing with the temperature. If 
he nitration proceeded with the intermediate jiroduct of nitro* 
inihips, some mononitro-p-tolyl-^-biitylnitroainine should be 
hiaiiied, as compounds of this type are relatively slal)le towards 
liliicacid (Plunow, 1897, 30 , SllTj). 

When ;>-tolyl-7?-bntylnitrosoannne wag nitrated by a solution of 
iitric arid in acetic acid, or by means of concentrated nitric acid, 
linitro-//- tolyh/?-butylnitrosoannne was the usual j/rodnet, the 
orrespondiiig nitroamiiie only being produced by the further action 
;f nitric acid. The reverse action, namely, the fonnation of the 
ntrosoamine from the nitroamine, can also be brought about, 
die production of the dinitroaraine has not been observed, whilst 
he amount of dinitron itro amine formed wag small and depended 
>11 the temperature at which the nitration wag carried out, the 
iinount increasing with the temperature. The results obtained by 
utrating n-bntyl-p-toluidine, and also p-tolybrt-butylnitroBoamine, 
inder different conditions would appear to be most readily ex- 
dained by assuming that the nitration proceeds directly without 
he intermediate formation of a nitroamine. 
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Experimental. 

2-Nitro-n-h utyl-^ -toluidine . 

A solution of ?i-butyl-jt>- toluidine (10 grams) in concentrate 
sulpliuric acid (40 grams) was cooled to —5°, and the calculate 
amount of nitric acid (D 1‘42:1 mol.) dissolved in three times it 
weight of concentrated sulphuric acid was added, the temperatu^ 
being kept below 10°. The product was allowed to remain foi 
some time, and then poured on ice, when the sulphate of tb 
mononitroderivative separated as a yellow, crystalline solid. Ttj. 
was collected, dried, dissolved in water, and the solution neutralisei 
with sodium hydroxide or ammonia solution, when 
Yi-folvidine separated as a red oil. It was purified by pre})ari[it 
the sulphate and regenerating the base as described above: 

0-1328 gave 15T0 c.c. K at 16-6° and 756-0 mm, N-13’33. 

requires 13-46 per cent. 

This nitro- com pound is soluble in most of the organic solveiif^. 
It is characterised by the ease with which it forms well-defined sab 
sparingly soluble in excess of the free acid used to precipitatf 
tliein. The sulphate was obtained pure by vecrystallising the prud? 
sulphate from hot absolute alcohol and washing with a mixture oi 
alcohol and ether. It forms white, shining plates darkening m 
147 -149° and melting at 152°: 

01212 gave 9-6 c.c. N. at 18-1° and 752 mm. N-9-10. 
C„Hi,iOoNo,H..S 04 requires N-9-15 per cent. 

The sulphate is easily hydrolysed by water ; it is soluble in 
absolute alcohol or glacial acetic acid, but sparingly so in moder- 
ately concentrated sulphuric acid. The filtrate from the crndf 
sulphate still contained an appreciable amount of the nitro-cani- 
pound, which was obtained as the free base by rendering the solu- 
tion alkaline and extracting with ether. The hydrochloride vi; 
prepared by treating the purified nitro-compound with an excp« 
of concentrated hydrochloric acid. The precipitate was coHedw 
and dried in a vacuum desiccator over potassium hydroxide, v-lei! 
the salt was obtained as a white, crystalline compound which wa; 
readily hydrolysed by water. The hydrochloride was purified for 
analysis by crystallisation from absolute alcohol : 

0-0738 gave 0-0438 Agd. 01 = 14-68. * 

C|,HjgO.,N 2 ,HCl requires 01 = 14*50 per cent. 

The hydrobromidt was prepared by adding aqueous hydrobroaiif 
acid to the base, when it was obtained as a crystalline precipitatf 
This salt is more readily soluble than the corresponding hydro^ 
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iloride, and is readily hydrolysed by water. It crystallises from 
ilcoiiol 111 whit©, shining plates, 

2 was prepared by warmin. 

.artro-n-butyl-p-tolurdrne with an excess of acetic anhydride n 
te preseoee of a very ^all quantity of concentrated ilphuric 

r t” vA Tf “““ obtained as a yellow oil 

:lurh solidified to a mass of pale yellow needles melting at 4^49° 

(V1033 gave 9 9 c.c. Nj at 25“ and 748-3 mm, N = 10-82 
CisHjjOjNj requires N = lI-20 per cent. 


«’«■« ‘Hturated 

,e addition of crushed lee, and a slight excess of the calculated 
iiount of sodium nitrite solution gradually added. The mixture 

L'Tft" r Zr f ^■■^‘^^otion'with 

her, Aftei washing the ethereal solution with sodium hydroxide 
lutioii and drying, the nitrosoamine was ol.taiiieil as a pale yellow 

«'102S gave tii-eri c,e, N. at 19-2o and 7,59 m.n, N--. 1 7 77, 
requires Nr^lT-Tli per cent. 

2-il'(ti-o-p-(o77/fm.5„ty/«,7ro.s<«m,5ie is soluble in nio,st:, organi.’ 
Ivents sparingly so in light petroleum, and insoluble in water 
.^ives Inebermaim^s nitvosoveariion, 


S-.Vitro-n-6Kr//^lUnh/idi/ie. 

fins compound could not be conveniently prepared by direct 
ration consequently it was obtained by the hydrolysis of the 
responding 3-nitroacete-ji-butyl-p-toliiidide, The latter com- 
«nd was prepared by the following method. To a solution of 
ton-bntyl-p-toluidide (4 grams) dissolved in six times its weight 
glacial acetic acid, nitric acid (D 1-5:30 grams) was added 
y, the temperature being kept below 20°, After the mixture 
remained for some days, it was poured into a mixture of ice 
water, and the free acid neutralised with sodium carbonate 
ion. A brownish-yellow oil was obtained, which solidified 
r remaining for a few hours in the ice-chest. After being 
tallised several times from aqueous alcohol, it separated in pale 
‘OWy square crystals melting at 68'=’ : 

0786 gave 7*45 c.c. Nj at 19*1° and 750 mm. N = 10-98. 

ClisHjgOjNg requires N=11'20 per cent. 
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Titraii&n zuith Titanous Chloride, — 0'0096 required 9-5 c.c. 'Jin 
(1 c.c. = 0'001351 gram Fe). Calculated as ^ 

cent- 

S-Nitroaceto-n-butyUip-toluidide is very readily soluble in ethvi 
acetate or benzene, moderately so in ether or alcohol, but pradicalb 
insoluble in light petroleum or water. 

3-Nitro-n~butyl-Yhtoluidine was prepared by gently boiling tli^ 
nitroacetyl compound with twenty-five times its weight of sulphuric 
acid (D 1-47). The colour became deeper, and finally, after atom 
thirty minutes’ heating, it was almost black. After remaining 
overnight, the nitro-derivative was obtained by neutralising 
sodium carbonate solution and extraction with ether, when it was 
left as a red oil on removing the solvent; 

0T568 gave 18*25 c.c. Ng at 20° and 749 mm. N = 13*37. 

CijHjgOgNg requires N = 13*46 ‘per cent. 

Tiiratiofi with Titanoiis (7 0*02429 requires 20*0 c.c, 
TiCl;. (1 c.c. =^0*00196 gramFe). Calculated as CuHjgO^Ng^lOO:' 
per cent. 

The substance is distinguished from the corresponding 2-iiitr()- 
rompoiiinl in giving a more readily soluble sulphate and hydro 
clilmide. 


?) : f)-!)/ nitro-n-J> /f t or . 

Mono-.v-butyl-p-toluidine (5 grams) was dissolved in ten times ili! 
weight of glacial acetic acid, and a solution of nitric acid (D l-.r 
30 grams) in glacial acetic acid (10 grams) added slowly. After a 
few hours, the mixture was poured on ice, when a red oil separated 
whicli, after extracting with ether and removal of the solvent, 
slowly acidified iu the ice-chest tx) a mass of red needles. Tb? 
componiid crystallised from methyl alcohol in orange-red needle 
melting at 53— 54° ; 

0 0713 gave 10*3 c.c. R, at 20° and 737 mm. N-16*32. 

C]iHjr, 04 Ng I’equires R — 16*60 per cent. 

Titration with Titanous Chloride. — 0*0118 requires 16*3 c.c, 
TiClg (1 c.c. = 0*001914 gram Fe). Calculated as 
100 per cent. ' 

It is insoluble in water, moderately soluble in light petroleiitii 
or cold methyl alcohol, and readily so in acetone, ether, benzeuf. 
or carbon tetrachloride. 

On warming 3:5-dinitro-?i-hutyl-p-toluidine (1 mol.) with acetic 
anhydride (2 mols.) and one drop of sulphuric acid, and ties 
neutralising with sodium carbonate solution, 3 : b-dirntroacet^-t^' 
butyl-p-toluidide was obtained as a dark-coloured oil which sloffb 
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ylidified to a dark, crystalline mass. By extraction with aqueous 
^lcohol and repeated crystallisation from a mixture of light 
)etrol^^*^ acetouOj it was obtained iu clusters of very pale 
fallow needles melting at 55 — 56° : 

0'0704 gave 8’8 c.c. No at 25° and 753'4 imn. N-14'20, 
requires N = 14-24 per cent. 

fitraiion mth Titanoiis C/i?onV/e.~0’0109 requires 18' 5 c.c. TiClg 
j c.c. =0-001351 gram Fe). Calculated as lOO'S per 

»ut. 

It is readily soluble in the usual solvents^ sparingly so iu light 
petroleum, and insoluble in water. The addition of a wann con- 
centrated solution of potassium hydroxide to an alcoholic solution 
jives a purple coloration at the junction of the two liquids. 


* ‘6:b~Dinitro-^-tolyl-n-bntj/lnitroso(hninc (VIII, p. 987). 

0 : .^DinitI■o-?^-butyI-y^toIuidiue (1 luol.) rvas dissaved in ten 
limes its weight of glacial acetic acid, the solution cotjled to and 
a solution of nitrous acid in acetic acid added. On allowing to 
remain for one hour and pouring on ice, the nitrosoainiiie separated 
as a yellow solid. It crystallised from aqueous methyl alcohol in 
pale yellow plates melting at 56 — 57° : 

0-0708 gave 12'45 c.c. N, at 25-6° and 743’4 nun. N = 19-67. 

requires N = 19-86 per cent. 

The nitrosoamine is insoluble in w^ater, but readily soluble in most 
pf the common organic solvents except light petroleum, in which 
it is only sparingly soluble. It responds to Lieberinanu’s test for 
aitrosoamines. It is acted on by alkali hydroxides, a purple colour 
being produced, which changes to deep red. Light changes the 
.'olour from yellow to red. This nitrosoamine is also readily 
pbtaiued by the nitration of rf^butyl-^toluidine under more 
rigorous conditions than those required for the production of the 
iinitro-compouud. The nitration of «-butyl-p-toluidine as 
Jescribed above furnishes the nitrosoamine even if the mixture is 
diowed to remain for three weeks. During this time the colour 
:hanges, gradually becoming a darker red after a few hours, until 
it is almost black; after this the colour gradually becomes paler 
igaiu, finally a pale yellow. The nitration -was repeated, using less 
icetic acid, so that the mixture became wai-m. In this case, the 
■baiige from the dark colour to the pale yellow took place rapidly, 
nid. after twelve hours, the nitrosoamine was precipitated by pour- 
iQg on ice. It was also prepared by nitrating /j-tolyl-f/ butyl - 
htrosoamino in glacial acetic acid. A solution of the nitrosoamine 
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(3-3 grams) in glacial acetic acid (20 grams) was cooled in a fre«^. 
ing mixture, and a solution of nitric acid (D r5:22 grams) in 
glacial acetic acid (10 grams) added slowly. The mixture 
allowed to remain until the dark colour had changed to a pale 
yellow, when the product was found to be chiefly 3 :o-dindro-|). 
tolyl-n-hutylmtrosoaviine, and was very pale yellow. When 
nitration was repeated, using a larger amount of nitric acid ani 
allowing the mixture to become hot, the product had a consider- 
ably higher melting point than the nitrosoamine. Its maimer of 
preparation and its reactions show that it is 3 :0'dinitro-7>-to)yl 
butylnitroamine. 

Under the following conditions, the compound can be produi'er] 
in good yield. y^Tolyl-w-butylnitroeoamine (10 grams) was dis- 
solved in glacial acetic acid (30 grams), and nitric acid (80 granm 
added slowly with cooling, the temperature being kept below 30', 
When the dark red colour of the solution had given place to a 
pale yellow, the mixture was warmed to 80 — 90° for an hour. On 
pouring into water, 3 : 5-diiiitro-7?-tolyl-n-butylnitroamiiie was pif 
cipitabed as a white solid. After several crystallisations Iron! 
aqueous alcohol (80 per cent.), it formed faintly yellow ueerl!e> 
melting at 95°. 

The action of fuming nitric acid on p-tolyh?i-butylnitrosoami]iei‘ 
extremely vigorous, but it was found possible to nitrate this com 
pound by using a weaker acid at first and completing the readier 
with the strong acid (D TS). To 1T4 grams of the nitrosoamine, 
45 grams of nitric acid (D 1‘4) were added gradually with cooling. 
After the mixture had remained for a short time, 60 c.c. of nitri? 
acid (I) rS) were added, and the mixture was then heated at 
g0__100° for about five minutes. On pouring into water, 3:o- 
dimtro-jo-tolyl-/i-butylnitroamiiie was obtained as a pale yellov 
solid. It was purified by extracting it three times with hot water 
and recrystallising from aqueous alcohol (80 per cent,). It 
also obtained readily from 3 : 5-diiiitro-p-tolyl-ri-hutylnitrosoainiDe 
by dissolving the latter in nitric acid (D r5) and allowing the soiti- 
tion to remain. The nitroamine crystallised in almost coloiirlcjr 
needles. After filtering through glass wool and washing witli 
wator, it was obtained pure by one crystallisation from lucllivl 
alcohol : 

0‘0694 gave O'llSO CO. and 0-0280 HnO. C-44-40; 

0'0706 11’8 c.c. No at 25*5° and 746-5 mm. N-IS'TS. 

CnHnOeNi requires C-44-2S; H = 4*73; N = 18'79 percent- 

^:6-Di7utro-]^‘tolyl-n-hutylmtroamine is readily soluble in nid 
of the common organic solvents, sparingly so in light petroJcmni 
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jad almost' insoluble in water. On gently warming with sulphuric 
jpjd and phenol, aa in Liebermann’s reaction, a green coloration is 
obtained which changes, on dilution, through a succession of colours 
to reddish-hrown. This coloration reverts to green on rendering 
jlkaliue* alcoholic solution of potassium hydroxide produces 
j led coloration, which becomes much darker on warming. A 
liilute solution of potassium cyanide when added to a solution of 
tbe nitroamine gives no coloration, but on warming the solution 
becomes brown. 


2 :3 :b-Tnnitro-‘p-tolyl-r[~but^lnitroamine'. 

To 2 -nitro-?i-butyi-p-toluidine (4 grams), 45 grams of nitric acid 
iD- 1 ‘ 5 ) were added slowly so that the temperature of the mixture 
was 30— '60"^. The reaction was completed by heating at 80 -90*^ 
tor a short time. On pouring the mixture on ice, the compound 
separated in a crystalline form, and on recry stallisatiou from 
acjueous alcohol it was obtained in white needles melting at 

0'0754 gave 13'4 c.c. No at 22-5'^ and 757‘3 mm. N~20-4(i. 

CiiHjjOgNj requires N = 20‘41 per cent. 

It is readily soluble in benzene or chloroform, moderately so in 
cold methyl alcohol, but readily so in the boiling solvent. By 
using less nitric acid, a product was obtained melting at 80° after 
several crystallisationg from aqueous alcohol. On crystallisation 
frcm nitric acid, the melting point was raised to 87—88°, and a 
mxture of this compound with 2 i3 : D-trinitrop-tolyl-w-butylnitro- 
imine also melted at 87 — 88°. The original compound before 
‘lystallisation from nitric acid was therefore the nitrosoamine. 

2 1 3 : 5-Trinitro~Tp-tol^l~n-hutylnitrosoamin €: — Finely powdered 
I nitro-nr-butyl-p-toluidine sulphate (2 grams) was gradually added 
0 a mixture of nitric acid (D 1-4:14 grams) and concentrated 
uilphuric acid (33 grams), and the mixture kept at 30 — 35° for 
Avu hours. The reaction was completed by heating on the water- 
)ath for five minutes. On pouring the niixtiire on ice, a viscid, 
ulphur-yellow product was obtained after washing with cold water, 
md after several crystallisations from aqueous alcohol it was 
>btained in very pale yellow crystals melting at 80'5°: 

0 0734 gave U'l c.c. No at 23° and 743*3 mm. N-21*67. 

O 11 H 13 O 7 N 5 requires N-21-41 per cent, 



U94 


EEILLY AND HICK INBOTTOM I 


Nitration of Di-n-hnt^l-'p-toluidine. 

Di-zi-butyl ^?-toluidme was nitrated under conditions siiuil^^ 
those used in tlm nitration of m<Mio-?i-butyl-^toluidine, natnelv 
using an excess of nitric acid in glacial acetic acid, and by uitj-j 
tion in the presence of an excess of sulphuric acid. 

Nitration by means of fuming nitric acid in glacial acetic adt 
proceeded vigorously, the reaction being controlled, when necessarv 
by the addition of a further quantity of acetic acid and by oool 
ing. The product was isolated in the usual way, and, after ^ 
crystallisation from absolute methyl alcohol, melted at 5?- 
Analysis (Found; N = 19-85. Calc.: N = 19'86 per cent.) shav.fi 
that the compound was 3 : 5-dinitro-p-tolyhn-butylnitrosoaiiiiiif 
and a mixture of this compound obtained from. 3 : 5-diiiitro!, 
butyl-p-toluidine by the action of nitrous acid with the above ])i(> 
duct also melted at 57°. By vigorous nitration, one of the alkt 
groups of dibutyl-y?-toluidine is therefore removed- It was observec 
that after the nitration mixture had been poured on ice and tliei 
allowed to remain for a short time, there was an odour reseinblii;! 
that of propionic acid or one of the lower members of the fat;-, 
acid series. 

Di-rt'butyl-p-toluidine (1 mol.) dissolve{l in a large excess c; 
concentrated sulphuric acid was nitrated by the addition of In- 
calculated amount of nitric acid (1 mol.) also dissolved in coinfr 
trated sulphuric acid. It gave 2-nitro-di-7irbutyl-p-toluidiue, whid 
was isolated in the usual manner after pouring the mixture or 
ice and rendering alkaline: 

0’0836 gave 8-16 c.c. No at 28° and 742‘3 mm. N = i0'81. 

C15H24O2N3 requires N — 10'60 per cent. 

2-Nit?'odi-ii-hutyU^~toluidine, which was obtained as a red ol; 
is miscible with most of the common organic solvents. It Ioie; 
salts which are hydrolysed by water, and is characterised by it 
hpdrochloridt, which is obtained as a white precipitate on addio; 
ail excess of concentrated hydrochloric acid to an aqueous suspeii^ior 
of the base: 

0-1247 gave 0-0610 AgCL Cl -12-11. 

CjgH^^OoK^jHCl requires Cl =11-79 per cent. 

Titration with JHtanous 67i/or?'r/e,— O' 00 99, required 8’2 c.c. TiCi 
(1 c.c. =0‘001351 gram Fe). Calculated for Cjr,H.;402N-.HCl= 
100'4 per cent. 

Til order to determine the position of the iiitro-gruup, the 
stance was further nitrated. To a solution of it (1 mol.) in fj" 
times its weight of glacial acetic acid, forty times its weight i- 
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nitric ncid (D 1*5) was added slowly. After the mixture had 
j^jjiaiued for two or three hours, it was heated on the water-bath 
until the evolution of nitrous fumes ceased. On pouring into 
water, a pale yellow oil was obtained, solidifying to a brt»wii mass, 
which on crystallisation from alcohol gave almost white needles 
melting at 80° (Pound; N = 2r3), and a mixture of these with the 
product obtained by nitrating 2-nitro-/i-butyl-p-toluidine melted at 
ihe same temperature. It was therefore 2:3:5-triiiitro-p-tolyl-»- 
l^ntvlnitrosoaminc (Calc.: N = 21-41 per cent.). If the niiro-group 
in the original compound were in position 3, then a dinitromono- 
llUtvl-/^tolyl derivative might be expected, On the other hand, 
J-uitr^i-n-butyl-/>-toluidine would Im exjiected by vigorous nitra- 
lioii to lose a butyl group and yield the same product as 2-nitro- 
iuono-n-butyl- 2 >toluidine. This was actually found to be the case. 
The evidence, therefore, is in favour of the view that the nitro- 
group in the mononitro- compound obtained by nitrating di-n-butyl- 
;)-toluidine in sulphuric acid is in the ortho- position with respect 
to the methyl group. 


{Received, NoverTd)er 1th, 1918,] 
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pfeparation of Chloroform. fivKUKK Uiueim (Brit. Pat. 
16094, 19 1 7).— Acetaldehyde is converted instantaneously and 
..jantitatively into chloroform when a 10% aqueous solution of the 
Iliiehyde is introduced into calcium hypochlorite solution at 60° to 
[See, further, J. Soe, Chem. Ind., December.] Y\% P. S. 

Alteration of Iodoform, alone or in Solution, in Direct 

^ight. h. Coivi.^Nnucci and G. Meduki {(Jia:aeiUi, 1918, 48, i, 
;35 -_o 47). — The authors have subjected solutions of iodoform in 
iiueteen of the ordinary organic solvents, out of contact with the 
to the action of direct sunlight. The solution (1%) in olive 
dl remains unchanged after a year. In absence of solvent, iodo- 
oim undergoes very little decomposition under the above-named 
oditions, T. II. P. 

Process of Producing Alcohols, bl. T. nu Pont dk 
(emours & Co. (Brit. Pat. 119249). — A suitable halogenated 
ytlrocarbon, for example, a mixture of pentyl and hexyl chlorides, 

^ passed into sodium stearate heated at 200 — 240° in a distillation 
e>sel provided with a stirrer. The alkyl chloride partly reacts 
ith the sodium stearate to form the stearic ester of an alcohol, and 
; partly decomposed into olefines. Arrangements are made for 
L'parat-iiig the olefines from the unchanged alkyl chloride by con- 
exsation and returning the latter to the reaction vessel. The- 
;eai‘ic ester is cooled to 150° and treated with sufficient sodium 
3 '(]roxide solution to replace the sodium which has reacted 
■ith the chloride. The mixture is again gradually heated to 
00- -240°, and the alcohol liberated from the ester is distilled off 
I the presence of water or steam. The sodium stearate is then 
?ady for a fresh treatment, and may be. used repeatedly until the 
ccunmlation of sodium chloride becomes excessive. J. F. B. 

The Preparation of Glycols. H. Hidbeht {Met. and Ckeni. 
ay., 1918, 19, 571 — 573). — A mixture of glycols in which 
hyleue glycol predominates may be prepared by decomposing 
etroleum vapours in an iron tube heated at about 650°, convert- 
ig the product into dichloroethane, etc. , purifying this compound 
)■ distillation, and treating the distillates with alkali carbonates 
i a closed vessel. The products thus obtained are viscous, hygro- 
■epic liquids capable of replacing glycerol for many industrial 
•ii'puies. The nitrate derivatives are much more stable at low 
■mperatures than glyceryl trinitrate, which when frozen forms an 
termediate crystalline m’odificatiou capable of changing instantly 
to a totally different crystalline modification. Explosives pre- 
VO!.. C'XiV. i. c c 
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pared from glycol nitrates have valuable properties not possessed 
by nitroglycerin explosives. [See also /. Soc. Ohem. 
December.] C, A. M 

£ther-like Compounds. 11. Ether Alcohols of thfi 
Type R'0*CHa-C{0H)Ra'. Palomaa {Ann. Acad. Sn 

^ifenmcaCf 1917, [A], 10, No. 17, 1 — 8 ; from Chem. Zentr.^ 1913 
i, 1144 — 1145). — In continuation of previous work (A., 1909 
i, 869), the following ether alcohols have been prepared 
a-Methoxy-^-methylj/ropari^^ol, OMe’CHg'CMea’OH, from niethyl 
methoxy acetate and magnesium methyl iodide, b. p. 

D 0-9021; arethoxy-^methylpropan-^-ol, b. p. 129-5°, D 08786 
iii which the hydroxyl group is readily replaced by chlorine for 
example, with warm 38% hydrochloric acid, with formation of 
^-chloro-a-ethoxy-^^ethyl'pro'paney b. p. 62-5°/10 nun.; Orproponj. 
^~methylpropan-^ol, b. p. 149-2 — 150-2°, D 0-8708; 
B-ethylbutan-^ol^ from magnesium ethyl iodide and methyl metli- 
oxyacetate, b. p. 157*7 — 158-2°, D 0*9071; a-ethoxy-^-ethylhntait- 
^-ol, b. p. 168*0 — 168*2°, D 0-8901, from which the highly reactive 
B-chioro-a^etkaxy-^ethylbutane is obtained by means of hydro- 
chloric acid; a-propoxy-^ethylbutaTir^-ol, b. p. 184— 185\ 

D 0*8816; a'rncthoxy-^-propylpenta'nr^-ol, b. p. 192 1 — 192*6^ 
D 0*8896; a.-ethoxy-^~'pTQpylpe.ntan-^~olj b. p. 202-9 — 203'!'^, 
D 0*8764; a-n-propoxy-^-n-propylpentanr^^ul, b. p. 213-5— 214’5^ 
D 0*8790. H. W. 

Process for the Production of Methyl Sulphate. Edmoxd 

Johnson Boake and Thomas Harold Durbans (Brit. Pat. 11925CH. 
— ^Methyl alcohol is treated with sulphur dioxide and chlorine, 
either simultaneously or successively, approximately in the proper 
tions of one molecule of each of the gases to two molecules of the 
alcohol. A slight excess of sulphur dioxide should be presem 
throughout the operation, and the liquid should be kept cool. 
Methyl chloride is among the gaseous products of the reaction, and 
may be collected after washing with an alkaline liquid. Tk 
residual liquid may be used directly as a methylating agent, or tie 
methyl sulphate may be isolated by distillation under reduced 
pressure; the yield of methyl sulphate is more than 50% by weigii 

J. F. i 

Alkylation of Dialkyl "Phosphites. T. Milobendzki Kud 
T. Knoll {Chemik Polski, 1917, 15, 79 — 88 ; from Chem. Zentr.. 
1918, i, 993 — 994). — The experiments were undertaken with the 
object of converting phosphorous acid or its hydrogen esters into 
trialkyl phosphites (compare Arbusov, A., 1907, i, 8 , 174, 275). 

Triethyl borate does not react with diethyl hydrogen phosphite: 
with the sodium salt of the latter (obtained from the acid edcr 
and sodium in the presence of ether), small amounts of triethU 
phosphite are obtained, which, however*, are formed during the 
action of sodium (or magnesium) on the acid ester. Ethyl sulphalc 
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and tnethyi phosphite do not cause the aikyiaiiou of diethyl sodiuiu 
phosphite. The sodium salts of dialkyl phosphites are decomposed 
by beat, diethyl sodium phosphite at 142 — 143°. Pure magnesiiiiu 
oxide does not react with (^propyl hydrogen phosphite. The dialkyl 
phosphites do not react with metallic magnesium when dissolved in 
ether, benzene, or xylene; on the other hand, dimethyl hydrogen 
phosphite dissolved in pyridine reacts with magnesium at the 
ordinary temperature, diethyl hydrogen phosphite after initial 
heating to 100°, dipropyl hydrogen phosphite with greater diffi- 
culty, and dibutyl hydropn phosphite only when heated. Matj- 
usiuin diethyl phosphite is a powder. When metallic magnesium 
acts on slightly warmed diethyl hydrogen phosphite, triethyl phos- 
phite is formed in 5% yield. H. W. 

Tautomerism of the Dialkyl Phosphites. T. Milobendzki 
Pohkiy 1917, 15, 89 — 96; from Chem. Zentr., 1918, 
i, 994. Compare A., 1912, i, 155). — The author’s previous con- 
clusions have been somewhat modified as the result of more recent 
experiments. From the behaviour of the dialkyl phosphites on 
neutralisation, etc., the conclusion is drawn that if the esters are 
derivatives of quinquevalent phosphorus and of the pseudo-acids, 
P 1 IO(OR) 2 j the salts of the ester are derivatives of tervalent phos- 
phorus, P(OR) 2 'OMe. The tautomerism of these substances 
depends on this factor. H. W. 

The Distillation of some Organic Acids with Water; 
Measure of the Volatilisation, W. CEchsnek de Coninck and 
A. Raynaud [Eev. gen. Chim. pare appl., 1915, 18, 134 — 135).- 
A repetition of work previously published (compare A., 1915, 
i 045). The figures for acetic and iisobutyric acids are corrected. 

W. G. 

The Distillation of Mixtures of Water and Formic Acid. 
Hydrate of Formic Acid. W. Q*1chsner de Comnck {liev, 
<jm. Chim. pure appl., 1916, 19, 68. Compare A., 1915, i, 645; 
preceding abstract). — The composition of successive 5 c.c. portions 
of distillate of varying mixtures of formic acid and water indicate 
the existence of Roscoe’s hydrate of formic acid, dll'COnHjSH^O, 
b. p. 107 — 108°. If such a mixture is rectified several times, it 
gradually loses formic acid and tends towards the hydrate, 

H*C02H,H20. w. g. 

Stereochemical Studies. III. lodosuccinic Acids. 

buoR Holmbeeg {Arkiv. Kem. Min. Geol., 1917, 6, No. 23, pp. 33; 
from Chem. Zentr., 1918, i, 1147—1148. Compare A., 1913, 
i. 824; 1914, i, 139; 1917, i, 115).— The preparation of pure /-iodo- 
^uccinic acid is described, and its decomposition in alkaline, neutral 
and acid solution, and racemisation by iodides, have been further 

investigated. 

Experiments on the velocity with which r-iodosuccinic acid, in 
acpieous and hydrochloric acid solution and as acid and normal 

c c 2 
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sodium salt (with and without addition of sodium iodide), yid,], 
acid, lead, in conjunction with preparative experimenU, to tte 
following scheme; 

COgH-CHrCHg-COaH = HI + COoH-CHICH-COoH, 

CO.H-CHI'CHa'CO^H HI + COgH-CH-CHg-CO-O, aii.i 

CUH-CH-CHa'CO-O + HjO = C02H-CH(0H)-CHo-C0,H. Tht 
formation of fumaric acid is greater the more acidic the solution; 
its production may be due to catalysis by hydrogen ions, but it i-: 
probable that the lactonemalic acid, necessary as a step m the 
formation of malic acid, owes its origin preferentially or almost 
entirely to the anions of iodosuccinic acid (or to the corresponding 
salt molecules), and in this case the presence of a strong acid must 
retard the formation of malic acid. 

Kinetic and preparative experiments on the decomposition oi 
iodosuccinic acid by alkali lead to the following scheme ; 

CO^M-CHI-CIL^COijM + M0H = C02M-CH:CH*C02M + MI + H.O, 

I ~i 

CO.M-CHI'CHa-CO^M MI 4- CO^M-CH-CH^/CO-O, and 

C 0 .,M-CH-Cn 2 -C 0'6 + M 0 H = C 02 M-CH( 0 H)-Cn,-C 02 M. Fun.,, 
ation of fumaric acid is the main reaction even in strongly alkaline 
solution. It follows from the equations that, to secure a good yield 
of malic acid, the solution must be kept as nearly neutral 
possible, and, further, that it is advantageous to remove the iodine 
ions as they are formed. Actually, it has been found possible to 
obtain silver lactonemalate , small prisms, in a pure condition 1^ 
shaking iodosuccinic acid with an excess of silver oxide, and ato 
to isolate lactonemalic acid in the form of colourless, hygroscoji^i.' 
leaflets or thin plates. AVhen iodosuccinic acid is treated witi 
ammoniacal silver solution, it yields fumaric and ^-laalamic aoid?. 
the latter being formed by the action of ammonia on lactonemahc 
acid. 

Z-Iodosuccinic acid, prepared from lactonemalic acid and 
potassium iodide, melts at 148—150® to a brownish-black htpiid 
after previously becoming reddish-brown; it has [a]l;'-89-8- 
ethyl acetate, [a]',? -76-2® in alcohol, [a][f-54'9® in water. 
[a]|f -56-l° in 0’5A-suIphuric acid, [a]’,,' - 35'6° as sodium hydrogen 
salt in water, and [a]]? - 46'5® as normal sodium salt in water 

Stereochemical experiments on the decomposition of (-lodc- 
succinic acid have shown that the relationships are exactly 
to those observed with ^-bromosuccinic acid. ri-Lactonemalic aci-s 
is formed from /-iodosuccinic acid in acid, neutral, or alkaline to i* 
tion ill the presence and absence of silver salts; in acid 
r/-lactauenialic acid yields mainly 7-malic acid, whilst 
solution it produces chiefly ^7-malic acid. The latter 
obtained when ammonia is employed, but probably le^sii s i 
^/-jS-inalamic acid, the primary product of the action of anrns 
on (/-lactonemalic acid. 
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/-lodoBUCcinic acid is far more rapidly racemised by iodine ions 
than is /-bromosuccinic acid by bromine ions. Racemisatioii is 
found to follow the simple hvi C Aogd^ldT, and C is 
praportional to the concentration of iodine ions in the solution 
has the value l/2-45[f] when the solution is about 0*2 molar 
with respect to 2-iodoauccinic acid. From this factor and the value 
(j{ C at different concentrations of sodium and potassium iodide, the 
electrolytic dissociation constants of the salts is calculated to be 
2-5.; the conversely calculated velocity constants are in complete 
agreement with the experimental results. The free acid is race- 
jjjjjcd about nine times as rapidly as a normal and three times as 
rapidly as an acid salt. In agreement with this result, the velocity 
of racemisation is found to be somewhat less when, the solution is 
more dilute with respect to acid. The mechanism of racemisation 
is the same as in the case of ^*bromosuccinic acid, namely, the 
iodine in iodoauccihic acid is replaced by ionised iodine and the 
substitution is accompanied by a Walden inversion. H. W. 


A Direct Rupture oE the Benzene Ring without Degrada- 
tion. II. H. Pauly and 0. Will {Amalni, 1918, 416, 1—20. 
(*o]n])are A., 1914, i, 485). — -The authors have already shown that 
wli:m S'Uitro-j^cresol is wanned with concentrated sulphuric acid, 
hydroxylamine and ^-methyl -Y-crotonolactone-y- acetic acid (I) arc 
fhimal, and they have suggested that the immediate precursor ni’ 
(lie lacionic acid ia /S-methylmu conic acid (II). 


CHiCMe 
CO 0 


>CH*CHy'C02K 


(h) 


CMeiCH'COgH 

CTT:cH-co.jr 

(H.) 


it is now shown that the latter acid can 1)0 prepared from the 
lactone and easily reconverted into it. 

The optimum temperature for the above hydrolytic vupturo of 
hnitro-jKiresol is 111—113°. The nitrogenous acid hy-product 
[ihid.) reacts very slowly with methyl-alcoholic hydrogen chloride 
(.’ompared with the lactonic acid, and a separation of the acids is 
t)e?t effected by taking advantage of this fact. The methyl ester 
of the lactonic acid (now called isioprenefactomc or ^-m.ethyf- 
MucoJaefonic acid) has b. p. 310°/atm,, and is hydrolysed by 
treatment with sodium methoxide solution to methyl hydrogen 
^niethylmuconate {isoprenedicarl/oxylate), which crystallises in 
needles, m. p. 125°. This is converted into the free acid (II), m. p. 
in°, by hydrolysis with sodium hydroxide, and into the dhnethyl 
ester, long, glistening needles, b. p. 142 — 143°/ 16 mm., m. p. 
38'5°, by means of methyl sulphate. The acid resembles muconic 
acid in forming very sparingly soluble barium, silver, and lead 
■alts, and the methyl ester, like isoprene. changes in the course of 
hnie into a pale, elastic polymeride. The corresponding diamide 
m. p. 213 — 214°, and becomes deep bluish-green when kept 
roolten for a few minutes; w.ethyl ^-methylmncannmate forms 
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stout prisms, m. p. 161*— 162°, and the vapours obtained by beat 
ing it with zinc dust give the pyrrole reactions. 

The reconversion of the dicarboxylic acid into the lactonic acid 
can be effected by means of warm sulphuric acid, glacial acetic 
acid solutions of hydrogen chloride or bromide, or by meltinw 
Similarly, the above methyl hydrogen ester yields the methyl ester 
of the lactonic acid when heated at 210°. 

The dicarboxylic acid is most readily reduced by sodium 
amalgam, the product being ^-methyl-L^-hutene-aZ-dicarhaxyhi 
ncid, C02H’CH2'CMe!CH*CHo*C02lI. This was prepared pre. 
viously from the lactonic acid and designated 0-methyl dibydro. 
miiconic acid, but the position of the ethylene linking remained to 
be proved. The acid, m. p. 140 — 141°, couples with diazonium 
salts, which, from analogy to glutaconic acid, shows that the double 
bond is in the middle of the chain. The methyl ester is a limpid 
liquid with the odour of melons, b. p. 245°/ 753 mm., B/' r0S24 
and yields methyl acetoacetate when its ozonide is boiled witt 
water, this fact also attesting to the position of the ethylene link 
ing. 

The free isoprenedicarboxylic acid reacts; vigorously with bromine 
hydrogen bromide being evolved, but its methyl ester absorbs four 
atomic proportions of bromine fairly jeadiiy. The above butene 
dicarboxylic acid also absorbs bromine at 40- -50°, giving 
hromo-^-methyladi'pic acid, CO.2H‘CH2*CMeBr*CHBr*CH^'C0,H. 
m. p. 166°, which is decomposed by boiling alcoholic potassium 
hydroxide, the products including isoprene and the above isoprene 
dicarboxylic acid. ,T, C. W, 

Synthesis of Linamarin. Fischer and (Ierda A\cu:r 

(Sitznnysher. K. AJcad. TFzss. Berlin^ 1918, 203 — 212; from 
Chem,. Zenir.^ 1918, i, 1163 — 1164), — The synthetical methods m:et! 
by Fischer and Berginann (A., 1917, i, 657) for the preparation oi 
mandelonitrileglucosid© and sambunigrin can be extended to 
aliphatic hydroxy-acids; the present communication describes the 
synthesis of linamarin, the glucoside of acetonecyanohydrin, 
CcHiiO.-O'CMeo-CN, 
which appears to be a 0-glucoside. 

A mixture of acetobrom oglu cose and ethyl a-hydroxyi,9Dbutyraie 
is shaken with silver oxide, whereby ethyl tetra-acetylghicoudo-cr 
hydroxyhutyrate^ (0Ac)^CgH705’0'CMe2'C02Et, m. p. 114—115'^ 
(corr.), [ajo —11*17° in acetone, is produced. This is converted hy 
ammonia into a-hydroxybutyvamidegluGoddej 
C(iHiiO‘*0-CMe^>CO'NHo, 

needles, m, p. 166 — 167°, [a]j,^ - 24*53° in water, which is extremely 
slowly hydrolysed by emulsin; in the absence of seeding material, 
the product can only be induced to crystallise with great difficulty 
when prepared in this manner, and it is preferable to obtain it 
from the ietra-acetyl derivative. The latter is obtained by acetyl 
ating the crude substance obtained in the reaction just describe*! 
with acetic anhydride in the presence of pyridine; it melts at 
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3^154° (corr.) and has [a]^ -21-07® in aqueous solution; it is 
ransformed into the free amide by treatment of its methyl- 
Icobolic solution with ammonia. Tetra-acetyUhumarin 
(0Ac)4C5H70^-0’CMeg-CN; 

leedles, m. P- UO— 141® (corr.), [oj? -10-81®, is prepared by the 
,ction of phosphoryl chloride on tetra-acetyl-a-hydroxybutyramide- 
-liicoside at 65 — 68®, or by the acetylation of linamarin by acetic 
'nhydride in the presence of pyridine. Linamarin itself is pre- 
,ar^ by shaking an ice-cold methyl-alcoholic solution of the tetra- 
with methyl-alcoholic ammonia;, it crystallises in needles. 
[1 p, 142 — 143® (corr.), [a]|f —29 '10°. Reduction does not occur 
vlieii it is boiled for a short time with Fehling’s solution. 

H. W. 

Conversion of f-Glucosan into Dextrin. Amk Pictet { Helv . 
\yht 7 n.. Acid) 1918, 1, 226 230), — When kept at 240® for thirty 
I jo sixty minutes, or, better, at 180® for a few minutes in the 
; presence of a little platinum -black as catalyst. Lglucosan undergoes 
i polymerisation and is transformed into a white, amorphous mh- 
(CgHj^O;-,)^, [a]u varying from -flll'9® to -i 106'5° in 
idiirerent preparations, which exhibits the characteristic properties 
|oi a dextrin and yields dextrose when warmed with dilute sulphuric 
uirkl (compare Pictet and Sarusin, this vok, i, ,u9 ; fJelv. Chim. 
.\rl<h 1918. 1. 87). C. S. 

Preparation of Metbylamlne. Hilton Ira .Tonks and Ruth 
WtiKATLEY (.7. Amer. Ohnn. Snc., 1918, 40. 1411 -1415).- -The 
ipsiilts recently published by AVerner (T.. 1917, 111. S44) have led 
(lie authors to describe certain experiments made with the object 
01 studying the elTect of reduced pressure on those organic reactions 
ill which a gas is evolved. 

Alixtures of ammonium chloride and formaldehyde were (1) 
slowlv distilled at the ordinary pressure, (2) slowly distilled in a 
vacuum, (3) heated under reflux during eight hours and then dis- 
tilled at the ordinary pressure, and (4) heated under reflux during 
four and a-half hours and then distilled in a vacuum. 

The authors are led to the following conclusions: The vacuum 
heating under reflux and distillation decreases the amount of 
•nmnonium chloride left unused, lowers the temperature, and there- 
fore decreases the yield of dim ethyl amine and more highly methyl- 
ated substances, which agrees with AVerner’s theory, and it increases 
the acidity of the distillate, the loss of carbon dioxide, and the 
weight of methylamine produced. 

The vacuum distillation, merely by removing the volatile pro- 
ducts as well as the carbon dioxide, causes a marked increase in 
the weight of the distillate and the amount of ammonium chloride 
remaining unchanged; it causes the formation of the lowest per- 
centage of dimethylamine, hut also lowers markedly the amount of 
methylamine formed, and it brings about a higher percentage of 
?derification and gives a distillate of the highest rotatory power. 

The long heating at ordinary pressure and relatively high 
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temperature givee the smallest percentage of distillate^ the bighejj; 
percentage of non -distill ate residue, the highest percentage of 
esterification, uses up a large , amount of ammonium chloride, an-i 
gives the highest degree of methylation, which means the hifrhest 
percentage of dimet^l and other more highly methylated dViv- 
atives, most of which will not crystallise. 

The theory advanced by Werner is correct and explains all tht 
observed facts. 

The four types of reaction agree with the principles of a laraer 
theory which applies to all organic reactions of this type in ’whH 
a gas is evolved; this is being worked out in other cases. 

Methylamine is best prepared by heating under reflux iu 5 
vacuum. IT. W. 

Preparation of Compounds of Carbamide and a Calcium 
Salt. Knoll & Co. (D.R.-P, 306804 ; from Chevi. Zentr., 1918. ii. 
420). — ^The compou?id, CaCl 2 , 4 CO{NH 2 ) 2 , white powder, stable in 
air and very readily soluble in water, m. p. 158—160'^, is obtairpii 
by evaporating an aqueous solution of the components in tb 
required proportion to dryness, or of an alcoholic solution tc 
crystallisation ; it is useful for subcutaneous injection in hay fever 
and asthirta, since it does not give rise to pain as with c;i!riiij!i 
chloride alone. The compounds of calcium chloride with one, b,vo. 
or three molecules of carbamide are hygroscopic, whilst those wdl 
more than four molecules have a too low con tout of calcium cbloriik 
for pharmaceutical purposes. H. TV. 

Constitution of Carbamides. VII. The Mechanism oi 
the Synthesis of Urea from the Interaction of Carbonyl 
Chloride and Ammonia. VIII. Formation of Urea and 
Biuret from Oxamide. Kmil Alphonse Werner (T., 1918, 113. 
694— “701). VII. The production of urea by the action of carbcnv' 
chloride on aimnonia is usually regarded as evidence of the '‘ rsrb 
amide" structure for urea. It is now shown, however, that con 
siderable quantities of biuret, amm elide, and cyanuric acid, cid 
traces of cyamelide, aro formed as well, biuret being observed kr 
the first time. Taking these by-products into consideration, tb 
“ synthesis " really affords evidence in support of the view fha 5 
urea is the product of the union of ammonia and cyanic acid )!'■ 
its keto-form. The mechanism of the reactions is expressed 5' 
follows : 

COCb + 2NH, — NH/OOCl -> 

+iIh,ci 

HO’CN — >- Cyamelide 

HC 1 + It 

HNICO — ^ Cyanuric acid 

Urea then arises from the union of ammonia and HNICO, biuret 
from the interaction of urea and cyanic acid, and ammelide 
the biuret and cyanic acid, 
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VIII. [With George KingSford CAKPRNTER.J—When oxamide 
j, lieated to a temperature suflGcient to effect complete volatilisa- 
tioc. ammonium cyaiiate, urea^ and hiiiret are found in the 
sublimate, and ammonia, water, carbon monoxide, and hydrogen 
cvaniJs are evolved. The decomposition is represented thus: 


(,,) CO-SH, ^ 
CO-NHj 

(t) hO'C:nh 
ho-c:nh 


I CO 

nh,+ .^>nh. 


>H0-CN = NH4*0-CN 

’ CO + If 
ICO = CON2H, 




..CINH 

CINH 


HNICO + HCN . 

J. c. w. 


stereochemical Studies. III. Xantho- and Thiol-/? suc- 
ciimamic Acids. B. Holmdeeg and K. J, Lenaxder {A rich 
[KeM. Min. Gtol., 1917, 6, No. 17, pp. 26; from Chem. Zentr., 
1918, i, 1U5 — 1146. Compare A,, 1917, i, 115). — Previous in- 
vestigations (A., 1914, i, 140) have shown that, according to the 
jxperimental conditions, a Isevo or dextro-rotatory xanthosuccinic 
icid can be obtained by the action of potassium xanthate on salts 
A /-bromosuccinic acid, whilst salts of Z-/3-bromo3Ucciuamic acid 
Dnly yield a dextrorotatory xanthosuccinamic acid of constant 
jpeciiic rotation whe!\ treated with xanthates. It further appears 
that xanthosuccinic acid is formed from 7-bromosucoinic acid by 
direct substitution ((/-acid) and by addition of xanthate to the 
primarily formed (/-lactonemalic acid (/-acid), and that change of 
mufiguration occurs with direct substitution. The reaction 
between xanthates and salts of /-bromosuccinamic acid can only be 
i case of direct substitution, and opposite configurations must there- 
fore be ascribed to /-bromosuccinamic acid -and (/-xanthosuccinamic 
wid. To test this point, the reaction between potassium xanthate 
iiid salts of /-bromosuccinamic acid has been thoroughly investi- 
gated, and the relationships between the active xantho- and thioh 
Hicciiiic acids and the corresponding active i3-substi tided succiiiamic 
U'ids have been established. 

Kinetic investigations of the action of potassium xanthate on 
he salts of /-bromosuccinamic acid lead to velocity constants of the 
second order which diminish slightly as the action proceeds, and 
uc rather greater wuth barium and strontium than with sodium 
Old potassium salts. As the reaction proceeds slowly, so that the 
bromosuccinamic acid may he, in part, decomposed by the water 
Ihiis explaining the slight decrease in the velocity constants), it 
'opears that the xanthosuccinamic acid is entirely formed in 
ircordaiice with the scheme: 

"Oai-CHBr'CHg-CO-Na, + KS*CS*OEb= 

KBr4-C02M*Cn(S-CS*0Et)*CH2*C0-NH.,, 
the reaction is only slightly accelerated by metallic ions. 
/■Thiolsuccinic acid is formed from (/-thiolsuccinamio acid 
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by hydrolysis in acid or alkaline solution The mutual relation 
ships of th© individual acids are shown in the following scheme, in 
which the dotted arrows denote reactions which ^ur without 
afiecting the asymmetric carbon atom, whilst straight and zig-zag 
arrows show actions taking place without and with change of con 
figuration respectively: 

i-Bromosuccinamic acid i-bromosuccinic aciil 



cZ Xanthosuccinamic d-xanthosuccinic Z-xanthosucciuic acki 

acid ' acid 


d-Thiolsuccinamic acid d-thiolsuccinic acid Z-tbiolsucciuic acid 

/•-j3-Xanthosuccinamic acid forma silky platelets, m, p. 125— hii- 
(decomp.). The corr^ponding tZ-acid is prepared by the action « 
potassium x an that© on potassium, sodium, or strontium Z-bromc' 
succinamates; after exhaustive purification, it has m. p. 134— 13o 
(decomp.), [a]l,^+53-P (c = 2-769) and [a]]« +55-5° (c-6-597)it 
acetone, [a]U +66-0° in ethyl acetate; it is slowly racemised m 
slightly decomposed when its solution in ethyl acetate is heay 
V^XanthosMCcinaviic acid is obtained by resolution of the inactive 
acid with d^phenethylamine ; it has m. p, 134—135° (decomp,:. 
[a]l? -53'4° (c^4'055) in acetone. 

v~^-Thiohuccinamic acid, prepared by the action of ammonia k 
r-xanthosuccinamic acid or by mixture of equal weights of thecoic^ 
ponents, crystallises in plates, m. p. 103—104° (decomp.). Tb 
corresponding ^-acid, small, colourless prisms, m. p. 125 1-' 
(decomp.), has +82’5° in acetone, [a]l« + 58-7° in water, wbb 
the sodium salt has [a]^'^+36‘8° in water; th© arntnomum ^^ 
forms colourless plates or thin prisms, [a]^ -l-33*6° in wae 
\-^-Thiolsuccinamic acid has m. p. 125 126° 

[a]^ -82‘9° in acetone. ' 


Epimeric Hexosamic Acids. P. A. Levene (/. Biol. CV«- 
1918, 36, 73—87. Compare Levene and La Forge, A,, IVi^ 
i, 782, 944).— The author attempts to determine the position of ® 
aminigroup in various amino-sugars hy comparing the pro|^rtie 
of pairs of ©pimeric hexonic acids with corresponding pai^ . 
hexosamic acids, ©specially with regard to the equilibrium of 
two epimerides formed on the synthesis oi the hexoic acids 
the corresponding pentoses and the direction of the o 

orcarbon atom in corresponding pairs of epimendes. inree p 
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epiin^ric o-hexosamic acids liavc been prepared and examined ] 
t^vo arabinotexosamic acids, two lyxohexosamic acids, and two 
xvlohexosamic acids. Of the first pair, one is prepared by the 
oxidation of chitosamine (glucosamine) and the other by the action 
of pyridine on chitosamic (glucosamic) acid. Ji^pichitosumolactoiit: 

is prepared by treating the raw pro- 
duct, obtained by the action of pyridine on chitosamic acid, with 
alcohol and benzaldehyde, and then with gaseous hydrogen 
chloride. The addition of the beuzaldehyde has for its purpose the 
i“onversion of the chitosamic acid into the benzylidene compound of 
its ethyl ester, which remains in solution. The lactone is pre- 
apitati by ether and recrystallised from methyl alcohol. It 
ciystallises in pismatic needles, m. p. 203° (decomp.), [a]^ -h 45°, 
oil dissolving in water rendered alkaline with barium hydroxide, 
the lactone is converted into the free epichitosamic acid, CoHjgOgN, 
colourless, prismatic needles, m. p. 198° (decomp.), [ajg* initial 
-10°, equilibrium +39°. The rotation of chitosamic acid being 
-15 02°, that of the a-carbon atom is (lO-O - (- 15’02)) /2 — 
12-al°. 

A mixture of chondrosamic and epichondrosamic acids is obtained 
by the action of hydrocyanic acid on lyxose in the presence of 
ammonia. The reaction is very capricious, the result obtained 
depending on tke temperature and the duration of the reaction, 
the optimum values for which have to be determined empirically 
for each sugar. When successful, the yield amounts to 50% of the 
Ikeoretical quantity, but often, with the best care, it falls 
to 25%, or even less. The mixture of epimerides can be separated 
by fractional crystallisation from dilute methyl alcohol ; d-chondfo- 
miic acid, CgHijOgN, has m. p, 206° (decomp.) and [a]^ -17-0°, 
whilst d-epichondrosamic add has [a]n + S' 9°, the numerical value 
o' the a-carbon atom being again 12'y°, 

<f-Xylohexosamic acid, as prepared by Levene and La Forge 
(foe. aL), was not pure, but consisted of a mixture of the two 
epimerides. It has now been prepared synthetically from xylose 
by the action of hydrocyanic acid, the product being fractionated 
in a similar manner to that indicated in the case of the chondros- 
amic acids. d-d-Xylohexosamic acid, CgHjgO-jN. has 7n, p. 224° 
(decomp.) and [a]™ +14°, whilst cl-l-xj/hdiexomm^io odd, has m. p. 
200° (decomp.) and [a]® -11'0°, the value for the rotation of the 
a-carbon atom being 12*5°, as before. Both epimerides were con- 
verted into lactones. d-d-Xylohexosa^nolacione hydrochloride, 
tyJi20.jXCl, has m. p. 205° (decomp.), and on treatment with 
barium hydroxide is reconverted into the parent acid. The other 
lactone was obtained in the form of its benzaldehyde derivative by 
treating fi^-^-hexcsamic acid in alcoholic solution with benzaldehyde 
passing in hydrogen chloride. Crystallisation occurs spon- 
taneously . After recrystalHsation, henzylide7ie-d-\-xylohexo8aw,ic- 
f^cUme hydrochloride, CisHi.PjN.HCl, melts at 206° (decomp.) and 
bas a rotation of [a]^ - 60’5°. It is readily transformed into the 
parent acid by means of barium hydroxide. 


C C* 2 
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After comparisDit of the rotatibns of these hexosamic acids 
the corresponding hexonic acids, the authors suggest probate 
configurations for these three pairs of epimeric acids. 

H. W. B, 

Action of Nitrous Acid on Epimeric Hexosamic Acids. 

P. A. Levene (/. Biol. Chem., 1918, 36, 89 — 94. Compare pre. 
ceding abstract).— Levene and La Forge (A., 1915, i, 786) have 
shown that the replacement of the amino-group hy hydroxyl ia 
amino-sugars and their derivatives probably takes place with the 
intermediate formation of a diazo-compound. Accepting for the 
structure of the diazo-compound the expression 
0HCH2*[CH0H]3-C*C02H 

it appears that each of a pair of epimerides should give one and 
the same diazo-compound, and hence one and the same deaminized 
acid. However, by the action of nitrous acid on the three pair? 
of epimerides described in the preceding abstract, six different acid, 
are produced. The deaminisation is brought about in each case hv 
dissolving the acid in dilute hydrochloric acid and treating with 
silver nitrite. The products from the different amino- acids are 
then treated in various ways. Chitosamic and epichitosamic acidj 
after deaminisation are reduced, yielding (i-anhydrogulonic and 
fl^-anhydromannotiic acids respectively; chondrosamic and epi- 
chondrosaraic acids, after deaminisation and oxidation, give 
^f-anhydromucic- and e/-auhydrotalomucic acids, whilst d-d-\)W 
hexosamic and cf-^-xylohexosamic acids on similar treatment yield 
fif-anhy droid osaccharic and Z-anhydrosaccharic acids respectively. 
It is further noted that whereas c?-xylohexosamic acid and itf 
lactone give «?-anhydroidosaccharic and ?-anhydrosaccharic scidj 
respectively, epichitosamic acid and its lactone form the same 
^^anhydromannonic acid. Thus, whilst in the first instance a 
Walden inversion takes place, in either the acid or the lactone, in 
the second the inversion occurs in neither or in both. H, W. B. 

Direct Transformation of Acid Chlorides into Nitriles bj 
Catalysts. Alph. Mailue {Bull. Soc. chivi., 1918, [iv], 23, 
380 — 381). — Acid, chlorides may be converted directly into the 
t'orresponding nitriles by passing their vapours, along v-ith 
ammonia, over aluminium oxide at 490 — 500^. Excellent yield' 
were obtained from benzoyl, fs’ovaleryl, /.vobutyryl, and propiouyl 
chlorides. W. G. 

[Reactions of] Cyanogen Products. V, Maori {Boll chk 
farm., 1918 , 57 , 261 — 265 ).— The author has purified the criide 
carbonylferrocj^anide obtained from the wash-waters of the Lanwi? 
mixture, and has subjected the pure product, and also alkali 
cyanide, thiocyanate, and ferrocyanide, to the action of a miniher 
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of reagents i the results are tabulated. The carbonylferrooyanide 
is a highly stable compound. T. H. P. 

Chromithiocyanic Acid and Chromithiocyanates. Gino 
gCAGLiAEiNi (Atti E. Accokd, Lincei, 1918, [v], 27 , i, *442—445). — 
In order to obtain salts of bivalent metals with chromithiocyanic 
acid, the author has made use of hexamethylenetetramine, which 
combines with the hydrates of the salts in solution to form stable 
and insoluble, wine-red double compounds, these being isomorphous 
and of the general formula M^^3[Cr(SCN)(j],101LO,3C(5Hi2N4. A 
concentrated solution of the hexamethylenetetramine was added to 
a solution containing either ammonium chromi thiocyanate and a 
soluble salt of the metal in question, or barium cliromilhiocyanate 
and the sulphate of the metal. In this way, the compounds of 
hexamethylenetetramine with the chromithiocyanates of man- 
ganese, cobalt, nickel, magnesium, calcium, zinc, cadmium, and 
strontium were prepared, the first five being analysed. 

Chromithiocyanic acid, H 3 Cr(SCN)g, may be prepared by treat- 
ing a concentrated solution of the ammonium or barium salt 
(1 mol) with 10% sulphuric acid (3 mols.) solution in the cold. 
The liquid is extracted repeatedly with ether until the solvent is 
no longer coloured red, the ethereal solution being washed with 
Tiater until all sulphuric acid is removed, and dried with anhydrous 
sodium sulphate. After evaporation of the ether, the chromithio- 
cvanic acid remains as a bright red oil which does not solidify in 
a" mixture of ice and salt, and does not decompose below about 40°, 
but at higher temperatures emits hydrocyanic acid and vapours of 
alliaceous odour. It is a moderately energetic acid almost com- 
parable with the mineral acids; thus, a solution of normal concen- 
tration attacks metals, for instance, zinc turnings, in the cold with 
evolution of hydrogen. The electrical conductivities of its solu- 
tions at 25° are a little greater than those of equivalent solutions 
of phosphoric acid. T. H. P. 

Preparation of Ethanoltrialkylarsonium Hydroxides and 
their Salts. Chemische Werke Grenzacu (D.R.-P., 30.5772 ; from 
Zentr., 1918, ii, 83). — Arsonium compounds of the choline 
iype are prepared by the action of glycol halogenhydrins on tri- 
ilkylarsines ; they possess valuable therapeutic pro^wties. 

Trimethylcthanolarsonium hydrochloride, C^Hj^OAsCl, very 
hygroscopic, prismatic crystals, m, p. 218—220°, is produced from 
2 ;lycol chlorohydrin and trim ethyl arsine at 120 — 125°; the free hose 
forms a viscous mass which slowly crystallises and reacts strongly 
alkaline. Hydrogen sulphide does not give a precipitate with the 
iiqueoiis solution of the hydrochloride; with mercuric chloride, a 
crystalline double salt is formed. Mayer’s reagent gives a faint 
'•rhite, potassium iodide and iodine a dirty brown precipitate, 
I’hosphotungstic acid gives a copious white precipitate. The hydr- 
ioJide forms long, hygroscopic needles; the sidphaie, ra. p. 240°, 
Hygra'soopic. The didorfosalicylate, m. p. 140°, is stable in the 
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air The picrate, gold and 'platinum salts, and the picrolomit are 
also described. Trimethylethanolarsonium- hydrobromide forn,^ 

thick, hygroscopic prisms, m. p. 219'^. Trietkylethanolarsonnuu 
hydrochloride consists of slender, very Jiygroscopic needles; the 
free base forms a viscous mass. The di~iodomhcylaie^ m. p. \\^z 
is stable in the air, as is also the trihorate. The jncrate h^g uu 


1.52°. 


H. W. 


Unsaturation and Molecular Compound Formation. 0 

Maass and J. Russell {J . Amer. Chem. Soc., 1918, 40. 

1573). Freezing-point determinations of mixtures of 

benzene, toluene, ethylbenzene, mesitylene, and acetylene, re- 
spectively with hydrogen bromide have be^n made, and the freez- 
ing-point ’curves constructed with the object of ascertaining tb 
influence of structure on the formation of additive coinpounds. It 
is shown that acetylene and benzene do not form molecular com- 
pounds with hydrogen bromide at low temperatures The exist- 
Lee of the compound, aC.HjMe.HBr, m. -^G'oO has be,t 
verified, and the existence of compounds CjHjEt HBr, m, 

— 2 CgH 5 Et,HBr, m. p. ^103-8 , and m. p, 

-61°, demonstrated. ® 

Intramolecular Migrations of the P^nylfeoup. Pj| 

Montagne Ichem. We.eMlad, 1918, 15, 119o— 1204). A lectat. 
delivered before the Chemical Society of Leyden. A. J. W 

The Freezing-point Curve of Mixtures of Tolu^e o- aid 
-n-sulphonamides. Composition of Mixtures of TolueiK 
Ld -p-sulphonic Acids. Phyllis Violet McKie (T., 1918, 113, 
799 — 803 ).— The freezing-point curve of mixtures of toluene-r, 
and -p-sulphonamides is a simple one, giving a well-defined entetit, 
m. p no 25°, containing 61-25% of the ji-sulphonamide^ Tl. 
o^amide has m. p. 156-3° and the p-am,de m. p 137-45 . 7)0 
curve can be used to determine the composition of mixtures of h 
respective acids by converting them into the amides thron,li ih 
chlorides, and determining the melting point of the resuHm| mis 
ture of amides. 

Prenaration of Hydrogenated Compounds. Firao- 

PABEIKEN VOEH. Friede. Bayer & Co. ^06724; additw* 

to D.R.-P. 305347; from GUm Ztntr., 1918, n, 
aromatic isocycKc and heterocyclic compounds, in add tat 
bases, can beLeduced with alka h or a kaluie ^^^h me^- 
alcohol in the presence of an indiBerent solvent^ il^tlhrolfr 
easily regulated and can he stopped at any point by 
ZiL Addition of alcohol. Thus, ^^trahydronaphthal ne ■ 
obtained from naphthalene, sodium, and alcohol in the p . 
of solvent naphtha at 140-145°, and 
247—249°, 115 — 118°/10— 12 mm., from diphenyl, 
and solved naphtha at 140-150°, Acenaphthene y.el| 

hydroacenaphthene. 
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Preparation of Certain Organic Stanno- and Stanni- 
gljlorides. John Gerald Frederick Druce (T., 1918, 113, 
;15-^718).—Diefchylainiiie stannochloride, the stanno- and stanui- 
^lorid^s of o^toluidine, methylaniline, m- and ^/-phenylenedi amine 
acd benzylamiae, and p-m ethyl benzyl amine stannochloride have 
been prepared from hydrochloric acid solutions of the component 
taloids. J. C. W. 

preparation and Properties of Aniline Stannichloride. 

J. G. F- Bruce {Chem. News, 1918, 117, 346— 348).— A crystalline 
hydrate of aniline stannichloride, (N‘H2Ph)2,H2SnCl6,3H20, is 
obtained in pale pink tablets by crystallising a mixture of two mole- 
cules of aniline and one molecule of stannic chloride from hydro- 
chloric acid. This compound loses water on heating, with the 
formation of an amorphous residue which melts at to a dark 
hrovPD liquid. The anhydrous compound is best prepared by add- 
ing 80 c.c. of concentrated hydrochloric acid to a mixture of 
15 grams of tin and 10 grams of nitrobenzene, heating until the 
nitro-compound has been reduced, and then cooling. The cold, 
solid mass is dissolved in 200 c.c. of warm diluted hydrochloric 
acid, and 18 grams of aniline added. On cooling, an almost 
quantitative yield of the anhydrous aniline stannichloride is 
obtained. A number of other methods of preparation are given. 
It is a colourless, crystalline compound, in, p. 293° (slight 
decomp.). It dissolves in water to the extent of 28 grams in 
100 c.c. at 16°. On keeping, it darkens. This compound may be 
used in the preparation of quinoline instead of a mixtiire of aniline 
and nitrobenzene. J. F. S. 

Influence of Temperature on the Decomposition of 
Sodium Phenoxide and Tolyloxides by Carbon Dioxide. 

G. J. Denbigh {J. Soc. Chem. Ind., 1918, 37, 306— 307t). — T he 
liberation of phenol and the cresols from solution in sodium hydr- 
oxide by means of carbon dioxide has been studied under various 
conditions of temperature. The author is led to the conclusion that 
all three cresols are more easily liberated than phenol, and, further, 
that they only differ slightly among themselves in this respect, 
w cresol being most readily and o-cresol least easily set free. In 
the case of both phenol and cresols, the decomposition is more com- 
plete when warm, and the rate increases more rapidly with all the 
cresols than with phenol. . 

Attempts have been made to separate phenol from cresol by 
fractional decomposition; the work is being continued in this 
dira’tion. H, W. 

Tartaric Amides and Imides. II. Luioi Casa lb {Gazzetta, 
1918, 48, i, 114— 120).— p-A w-inopkenol hydrogen 6.~tartrate, 
CO.-,H“[CH-OHl*COx,H,NH 9 ’CfiH 4 *OH, forms colourless scales, m, p. 

232°(corr.). ^ 

V-^ydroxy'phenyUaririnidt, obtained 
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by beating the above salt in a vacuum at about 200®, forms lon„ 
silky, colourless needles, m. p. 299° (corr. ; decamp.), [0]“ +119 §4^' 
[a]o^ +120’7°; its solubility in methyl alcohol at 13° is 2 913'^ 
d-Hydroxi/fhenyltartramide, 

OH-C0H4-NH*CO-CH(OH)-CH(OH)*CO-NH2, 
forms white needles, m. p. 227° (corr.), [a]!" +154°; its sohibilitv 
in methyl alcohol at 15° is 1’58%. 
d-Phenylhydroxy'phenyltartramide^ 

OH'CeH4-NH-CO*CH(OH)-CH(OH)-CO-NHPh, 
prepared by heating the preceding compound in presence o' 
aniline, forms silky, white needles, m. p. 253° (corr.); its solubility 
in methyl alcohol at 15° is 1‘582%. 

^-Hydroxyphenyltartramic acid, 

OH*C0H4-NH-CO-CH(OH)-CH(OH)*CO2H, 
fonns white plates, m. p. 218° (corr.), [a]b^+108'3° and, when 
heated slowly,^ is transformed into the imide without melting; 
solubility in water at 14° is 4‘215%. The methyl, m. p. 206° (con.; 
decomp.), [aj^ +109*5°, ethyl, m. p. 118° (corr.), [ap,;’ + 106’p 
and propyl esters, m. p, 133° (corr.), [a]]? +103-8°, were prepared 

T. H. P.' 


Benzoylation of gome Hydroxyl or Amino-Aromatic 

Compounds. Frederic Reverdin [Helv. Ckim. Acta, 1918 1 
205 — 209) . — A mixture of the substance and benzoyl chloride t 
treated with two or three drops of concentrated sulphuric acid, 
and, if necessary, warmed for a short time on the water -hath. Tbe 
method succeeds in benzoylating substances, which are unaScetd 
by the usual methods of benzoylation. Thus, 2 : 3 : 5-trinitro-/i- 
anisidine yields a benzoyl derivative, colourless needles, m. p. 20o\ 
resorcinol yields a mixture of the mono- and di-benzoates, alizarin 
yields the dihe?izoate, Cj4Hg02(0Bz)2, yellow needles, m. p. 
210 — 211°, 2 : 4-dimtroaniline yields 2 : 4-dinitrobenzaniIide, m. p. 
201 — 202°, 1-aminoanthraquinone yields the benzoyl derivative, 
m. p. 246°, and 2-aminoaiithraqirinone yields a benzoyl derivaticp, 
yellow prisms, m. p. 227°, sintering at 195°. C. S. 

Preparation of GlycoUyl-p-aminophenyl Ethers. Farbwerke 
VORM. Meisteb, Lucius, & Bruning (D.R.-P. 306938; from Chm. 
Zentr., 1918, ii, 420 — 421), — G-lycollyl-p aminophenyl ether is 
obtained in excellent yield and in a high state of purity by heatin? 
p-arainophenyl ether with the glycollic anhydrides; the latter are 
considered to comprise glycollide, m. p. 86°, polygly collide, m. p. 
223°, and the product formed when glycollic acid is heated at about 
200 — 250°, which consists of a crystalline powder insoluble in water, 
by which it is slowly converted into glycollic acid. Esters of 
glycollic acid can be used in place of the anhydrides. Glycolhjl-f- 
phenetidine forms colourless crystals, ra. p, 153°; giycolU--^ 
anmdine has m. p. 101°. H. W, 
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•The ^ro^aatiqn of some Derivatives o| Veratrole. 

John Lionel Simonsen and Madyah Gopala Rau (T., 1918, 113, 
;g2— 790. Compare T., 1917, 111, 69, 220; this vol., i, 22),— 
The action of bromine on the two isomeric acetylaminoveratroles 
the three acetylaminoveratric acids has been investigated. The 
Ijroinine always entered the nucleus in the pitm-position with 
respect to the apetylaraino-group, except in the case of 6-acetyh 
aniinoveratric acid, when, this position being already occupied, the 
carboxyl group was eliminated with the formation of 5-bromo-4 
acetylaminoveratrole. Only in one case was the formation of an 
isomeride detected, namely, when 3-acetylaminoveratrole was 
brominated under special conditions; this isomeride could not he 
definitely orientated. 

In view of the fact that the formation of the hromoamide always 
preceded substitution in the nucleus, which was therefore indirect, 
these experiments cannot claim to throw any light on the 
mechanism of nitration of this type of substance. 

For experimental details, the original paper must be consulted. 

H. W. 

Sulphur Aryl Chlorides. IV. 4-Chloro 2-iiitrocliloro- 
thiolbenzene (p-Chloro o-nitrophenyl Sulphur Chloride). 
Conversion into Thiazine Derivatives. Tn. Zincke and 
Johanna Baeumer {An-mlm, 1918, 416, 86—112. Compare this 
voh, i, 385). — 2 : 5-DichIoronitrobenzeiie is converted by Wohl- 
fabrt's method (A., 1903, i, 203) into i‘A^-dkhlo-ro-^\^’'diniiro- 
d’iphenyl disulphide, which crystallises in glistening, yellow leaflets, 
m. p. 212°, and is transformed by treatment with chlorine in 
chloroform into Ai-chloTo-2-^iitrocMorothiolheme/ne, 

NOa-CcHsCl-SCl, 

which forms golden-yellow needles, m. p. 98°. The latter is a 
highly reactive substance, and many of its derivatives are now 
described. The corresponding hroinothtol forms brownish-yellow 
needles, m, p. 111°. 

The chlorothiol reacts with methyl alcohol to give different pro- 
ducts under different conditions; when boiled with 75% alcohol, 
it yields the above disulphide, which is insoluble in the hot liquid, 
the sulphinic acid (below), which is soluble even in the cold, and 
i-chloro~2-aminohenzenesitlphomc acid, decoinp. above 250°, which 
crystallises on cooling the filtrate. Potassium cyanide reacts with 
a hot acetic acid solution of the chlorothiol to give A-rJdoro-2-nitro- 
fhenyl thiocyanate, pale yellow needles, m. p. 116 — 117°. On 
shaking with water and glass beads for several hours, the product 
19 i-ehloro~%niiroihiophenifl oxide, 0 (S*C(,H 3 CPN 02 ) 2 , which 
crystallises in yellow tablets, blackens at 115 — 116°, explodes if 
heated rapidly, and closely resembles o-uitrothiophenyl oxide in its 
reactions (A., 1912, i. 763). Esters of the sul phi nous acid, 
NO,yCbH^Cl‘S*OR, are obtained by the action of alcoholic or 
ethereal solutions of the sodium alkyl (or aryl) oxides; the methyl 
f^ter forms golden leaflets, m. p. Ul“-112° : the ethyl ester crystal- 
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lises in yellow needles, m. p. 73 — 74'^; ttie ‘phenyl ester formj 
nodules of stout, yellow needles, m. p. 75^. 

^-Chloro-2-nitrobenzenesulphinic acid, N02*C6H5C1*S02H, slender 
glistening leaflets, m. p. 127° (decomp.), is prepared by shakins 
the chlorothiol with 2iV'-sodium hydroxide and acidifying the 
filtrate. Its silver salt reacts with methyl iodide to form the 
methyl ester, m. p. 143°, and with the chlorothiol to give 4:4'-(ii. 
chloro-2 1 2' -dinitrodiphenyl disulphoxidc, 
needles, m. p. 145°. 

The chlorothiol reacts with ammonia in chloroform solution t<; 
give 4:-cklorO’2-nitrophenylthiolamine, N02*CgH2Cl*S*NH2, which 
crystallises in glistening, yellow leaflets, m. p. 126 — 127° and 
resembles o-nitrophenyl thiol amine in its reactions (ibid.). It forms 
a benzylidene compound, long, yellow needles, m. p. 161°, and 
when boiled with 50% acetic acid, changes into 4:‘A^^ichloro-2:2'- 
dimtrodiphenyldithiolamine^ NH(S*CeH3Cl*N02)2} slender, pah 
yellow needles, m. p. 210° (decomp.). 

Towards phenols, the chlorothiol behaves like a diazonium 
chloride; phenol gives A-chloTO-2-nitTo-i^-hydroxydiphenyl suljihidt, 
yellow needles, m. p. 130°; a-naphthol forms i-chloro-2-7iitrophenyl 
2^ -a-hydroxy naphthyl sulphide ^ NO2'C0H3C1*S* CioHg'OH, small, 

yellow tablets, m. p. 154 — 155°; jS-naphthol yields a sulphide which 
crystallises in orange- yellow needles, m. p. 185°. 

The chlorothiol also condenses with ketones. Acetone yields 
4:~chloro-2‘nitrophenylthiolacetQne, NO2*C0H3Cl*S*CH2‘COMe, 

yellow leaflets or broad needles, m. p. 114 — 115°; acetophenone 
gives phenyl A-chlora-2-nitrophenylthiolmethyl ketone, pale yelloir 
needles, m. p. 155°, which is oxidised by nitric acid to benzaldehyde 
and 4 : 4'-dichloro-2 : 2 '-dinitro diphenyl disulphi de (above) ; ethy! 
acetoacetate or its copper compound forms ethyl ^L-chloro-^nitro- 
phenylthiolacetoacetate, N02*C6H2Cl*S*CHAc*C02Et, pale yefe 
tablets, m. p. 129 — 130°, decomp. 170°; acetylacetone yields 
diacetyl~i-chloro-2-7iitrophenylthiol7nethan€, 

N02-C6H3Cl*S-CfH(C0Me)2, 

brilliant yellow, large needles, m. p. 116 — 117°. The acetophenone 
and acetoacetic ester compounds may be oxidised by perhydrol or 
chromic acid to sulphoxides; the compound, 
N02-CgH3Cl-S0-CH2Bz, 

forms pale yellow needles, m. p. 144°, and the compomi. 
NO2*C0H3Cl*SO*CHAc*CO2Et, stout, yellow tablets, m. p. 111° 
They may also be reduced by means of stannous chloride, but the 
products are thiazine derivatives, and not amines. They separate 
as stannichlorides. ^-Chloro~Z-phenyl-\\^-benzothiazme (annexed 
formula) crystallises in pale yellow, glisteniK 
S tablets, m. p. 64°, and forms orange or red salts 

with the mineral acids, these being decomposed 

I i Jcpb by water. The thiazine changes in a few davs 
\/\/^ into a mixture of two compounds with the m. p ? 
N * 178° and 241°; the change also proceeds in solu- 
tion, acetic acid favouring the compound 
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tb^ higb.er m, p. and chloroform the other. The constitution is 
elucidated by the fact that the thiazine may be synthesised by the 
action of <o-bromoacetophenoue on 4-chloro-2-aminothiophenol. 
Ethy^ ^MoTO-Z-methyUl :ii-heiizothtazine-%corhoxylafe crystallises 
ia glistening, orange-red tablets or stout needles, m. p. 177—178^. 

J. C. W. 

Action of Formic Acid on the Triarylcarbinols. Adolphe 
KovACHE (Ann, Chim,, 1918, [ix], 10, 184 — 248), — A more detailed 
account of work already published (compare Guyot and Kovache, 
A,, 1912, i, 186, 972; 1913, i, 647). " \V. G. 

The Constitution of Dypnopinacoae and its Derivatives. 

JlAirtiiCE Delacre (Ann, CUm.y 1918, [ix], 10, 101 — 137). — A 
theoretical discussion of work already published (compare A., 1914, 
i. 1068; 1916, i, 479). W. G. 

The Hydrates and Alcoholates of Calcium Benzoate. 

Frederick. Stanbridge (T., 1918, 113, 808—816). — Anhydrous 
calcium benzoate combines with alcohol to form a dialcuholate, 
(CfiH5‘C02)2Ca,2C2Hg0, which crystallises in very small, transparent 
needles, and is very unstable. 

When calcium benzoate trihydrate is treated with 95% (vol.) 
alcohol there is no action, but with 97% (vol.) alcohol the tri- 
hydrate is rapidly acted on. By the thermometric method, using 
92' 85% (weight) alcohol, it is found that the trihydrate rapidly 
changes at 35' 5*^ into silky, oblong plates consisting of the mono- 
hydrate, (C6H5*C02)2Ca,H20. 

The solubility curve of calcium benzoate was determined, and it 
is shown that the trihydrate exists between -0 37°, the cryohydric 
point, and 84‘7°. The latter temperature is a transition tempera- 
ture, above which the monohydrate is probably the solid phase, 
although it could not be definitely isolated. The saturated solu- 
tions at the cryohydric and transition temperat\ires contain 2*22 
and 7*62 grams of calcfum benzoate, respectively, per 100 grams of 
water. Metastable portions of the solubility curves for both the 
trihydrate and monohydrate were obtained. The freezing-point 
curve of solutions of calcium benzoate of various strengths was also 
determined. T. S, P. 

Preparation of Solutions of Mercuric Benzoate by means 
oi Somum Chloride. Marcel Delepine [Bull. Sci, Pharmacol, ^ 
1917, 24, 329—335; from Chem. Zentr., 1918, i, 853).— Solutions 
of mercuric benzoate for subcutaneous injection, prepared by means 
of sodium chloride, contain a chlorine compound of mercury as 
the active constituent, and are therefore more simply obtained from 
the corresponding quantities of mercuric chloride, sodium benzoate, 
and sodium chloride, since in both cases the same equilibrium is 
reached in the solutions in consequence of the action of the sodium 
chloride on the mercuric benzoate. This view, first put forward by 
Varet on thermochemical grounds, is upheld by the fact that the 
two solutions contain the same quantity of mercury after being 
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shaken with ether. Solutions contaiol^^ unchanged mercuric 
benzoate can be prepared by means of aimaonium benzoate and 
ammonia; acetates and nitratk also have no action on the benzoate. 

Mercuric benzoate, (PhC02)2HgjH20, is obtained by treating 
.mercuric nitrate (225 grams in 1 litre of water) with, sodium acetate 
(100 grams in 1 litre of water) and sodium benzoate (144 grams in 
2 litres of water). C. S. 

Phthalic Acid Derivatives : Constitution and Colour. 
XIV. Some Derivatives of Tatrabromophthalimide. David 
S. PfiATT and Charles 0, Young {J, Amer. Chevi. Soc., 1918, 40, 
1415 — 1425). — In continuation of previous work, a series of deriv- 
atives of tetrabromophthalimide has been prepared (compare this 
vol., i, 167). In general, their properties closely resemble those 
of the tetrachloro- and tetraiodo^analogues, with the differences 
that might be expected from the substitution of bromine for 
chlorine or iodine. 

Tetrabromophthalic anhydride, m. p. 279'5— 280-5° (corr.), is 
prepared by the action of bromine on a hot solution of phthalic 
anhydride in fuming sulphuric acid in the presence of iodine; with 
dimethylaniline, it forms an additive 'product^ CgOgBr^’NMe^Ph, 
dark red crystals. Tetrahroinophihalimidc, small, yellow blades 
which decompose at about 300° and do not melt at 380°, is obtained 
by boiling a solution of the anhydride in nitrobenzene with form- 
amide; it gives no colour when moistened with dimethylaniline. 

The following series of derivatives was prepared by boiling a 
solution of the anhydride in glacial acetic acid with the requisite 
amine: tetrabroniophthahmil, colourless plates with faint green 
cast, m. p. 279—280° (corr.) : it gives a slight orange colour with 
dimethylaniline ; tetrabTOw.ophth{il-o-tolilj small, colourless plate^, 
m. p. 291—293° (corr.); tetrahromopUhal-m-tolil, almost colour- 
less, glistening plates, m. p. 273-5— 274-5° (corr.); ietrahroim- 
phthal--p4olil, pale yellow needles, m, p. 2^ — 280'5° (corr.), which 
crystallises from xylene with ^ molecule of solvent of crystal- 
lisation ; tetrabromophihal-o-nitroanil, fine, hair-like crystals, in. p. 
289—298-5° (corr,; decomp.); it gives an additive product with 
dimethylaniline, crystallising in red, quadrilateral plates; idra- 
broniophthal-’m-nitroaml, slender plates, m. p. 301-5 — 303° (corr.) 
tetrabromophthol-p-nitrocmil, colourless needles, m. p. 331- 331 a 
(corr.); tetrabromophthal-p-hydroxyanil, short, yellow needle 
m. p. 296—308° (corr.; decomp.): it separat^ from xylene will 
it gives an additive compo-imd with dimethylaniline,. 
tetrabromophthal-p-acetylammoanil, minute, colourless ne^le?, 
decomposing without melting at 381° (corr.); tetrabrofnophthal-^- 
bromoanil, minute blades with faint green colour, which do not 
melt at 380° (corr.); tetrabTomophth€il'2:4i-dibromoa?iil, colouriep^ 
prisms, m. p. 296 — 298-5° (corr.); tetrahromophthal-2:Q-d^brom'^ 
anil, nearly colourless, hexagonal crystals, id. p- 323-5— 
(corr.); tetrabromophthal~2:4:&dribromoanil, colourless, diamon 
shaped platee, m. p. 297--298° (corr.) (in these two cases, zinc 
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,.]ijorule is used as condensing agent); tetrabromopkikal-p-iodoahit, 
j^riglit yellow blades, decomposing wilbout melting at about 38P 
(con*.); tetrdhroTnophthal-'^'.^^iinethplanilf colourless plates, m. p. 
264-5—271° (corr.) ; tetrahro7nophthal2 : 4 : Urimethylanil, flat, 
ooloarless crystals, m. p. 307—308° (corr,); tetrahromophthalO’ 
,:(irhoxyaml, colourless prisms, m. p. 315‘5~316‘5° (corr.); tetra- 
Iffmophthal-o-ethoxyaml, small, iridescent, light yellow plates, 
p. 247—248° (corr.); tetrahrowopkthalip^efJioxyanil, light 
yellow ci^stals, m. p. 272-5—273° (corr.); tetrahrmKopfitkal-a,- 
mphthyUmide, light yellow needles, m. p. 309—309-5° (corr.); 
igtrahromophthcd-^-^iaphthylimide^ greenish -yellow plates, m. p, 
305-5—308° (corn); tefrahromophtjial-p-aminoa-obenzene, orange 
plates, m. p. 328-5—330° (corr.) ; tctrahromophfhdhemicarhazow, 
^hort prisms with faint green tinge, which become red at 100°; 
tetrahromophihalpJienylhydrazone^ pale orange blades, m. p. 
314—317-5° (corr.); tetrahromopJithalphenyl€tkj/Ihj/draz(i7ie separ- 
ates from acetic acid in bright red needles, m. p. 211 •0—211 *5° 
(corr.), from benzene, ethyl acetate, or xyleho in yellow needles, 
which become red at 95 — 96° and melt at the same temperature as 
the red variety. The crystals from benzene contain 1 mol. 

The red variety becomes yellow when kept in a desiccator over 
henzene, and absorbs § mol. C^Hq; Mrabromopht,hal-2-A -.Q'-tn- 
hromophenylhydrazo7ie forms fine, hair-like needles, m.p. 290 — 291° 
fcorr,); it appears to'be unstable. H. W. 

Phthalic Acid Derivatives : Constitution and Colour. 

3 : 4 ; 6-Tri-iodophtlialoxime and its Derivatives. D.win S 
Pum- and Charles 0. Toung (/. Amer. Chem. iS'oc., 1918, 40, 
1425— 1428).— The compounds were prepared with the object of 
investigating possible cases of dimorphism, such as had been 
observed with tetrachlorophthaloxiine (this vol,, i, 171), but not 
with phthaloxime or tetraiodophtlial oxime (^oc. df., i, 172). 

3:1: ^-Tridodophthcdoxime has been prepared from tri-io<lo- 
phthalic anhydride; it exists in only one form, long, lemon-yellow 
needles, m. p. 224— 22b° (decomp.). The amnioninm^ (podium, 
/iofa-isinm, and nlver salts are described. The following ethers are 
conveniently prepared by treating an alcoholic suspension of the 
silver salt with the requisite alkyl haloid: mtihyl ether, canary- 
yellow blades and needles, decomposing without melting at 
245—253°; ethyl ether, pale yellow masses of confused, curved 
needks, m. p. 241-5 — 242-5°; kopropyl ether, yellow needles, m. p. 
182—186°; allyl ether, coarse, deep yellow prisms, m. p. 
192—192-5°; henzyl ether, glistening, yellow plates, m. p. 
217—217-5°. The acetate forms pale yellow, lenticular blades, 
p, 223—224°; the hemoate, deep yellow, lenticular blades, 
ui. p. 224—225°. All the temperatures recorded are corrected. 

H. W. 

The Nitration of 2 and 6-Methoxy-vH tolualdehydes and 
w-Toluib Acids. John Lionel Simonsen (T., 1918, 113, 
775 — 782). — In the hope of preparing 3-methoxy-4-methylphthalic 
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acid, the author has studied the nitration of ^-methoxy-m-tolu 
aldehyde; the action, however, follows an unexpected course, and 
yields 5-mtro-2-methoxy‘jn.-toltuddthyde^ needles, m. p. 61— go: 
[aemicarhazone^ fine, woolly needles, decomposing at 233°) ; the con- 
stitution of the aldehyde follows from its oxidation to 
meihoxy-in-toluic acid^ silky needles, m, p. 154°, which is ati 
obtained by methylation of the corresponding hydroxy-adil 
(Eiuhorn and Pfyl, A., 1900, i, 439) and by nitration of 2-metkojii- 
m-toluic acid, hair-like needles, m. p. 83° (the silver salt forms a 
caseous, white precipitate). 

6 -M ethoxy -?M-tolu aldehyde is converted by nitric acid into 
?f-nitro-^-methoxy-m-tolualdehyde, needles, m. p. 77° {semicarhazon( 
needles, decomposing at 235°), which is readily oxidised to b-niiro. 
S-methoxy-m.-toluic acid, felted needles, m. p. 180 — 181° (the 
barium, calcium, and silver salts, and the methyl ester, needle'; 
m. p, 47°, are described). The same acid, together with a sul’. 
stance, probably G-nitro-o-tolyl methyl ether, m. p. 69°, is obtained 
by nitration of 6-nf6thoxy-?n-toluic acid. The constitution of Ibc 
ether is deduced from its oxidation to ^^itro-2-methoxyhtnioi^ 
acid, m, p. 161°, but the quantity of the latter which was available 
did not permit an extended investigation. 

5 : h^-Dinitro-2 : 2’ -diinethoxydn-Z-methylstyryl ketone, finr. 
yellow needles, decomposing at 252°, and ^\^'~dinitro4.\i^-dmtth^ 
o.xydi-2>~methylstyryl ketone, yellow needles, ni. p. 214°, are pre- 
pared from the corresponding aldehydes. H. W. 

Preparation ' of l-Monohydroxy- and 1 : 8-Dihydroxy 
anthranol. Farbknfabriken vorm. Friedk. Bayer & Co. 
(D.R.-P. 305886; additional to D.R,-P. 296091; from Cl\m, 
Zentr., 1918, ii, 238).^ — ^The alkyl ethers of 1-hydroxy- and 1:8- 
dihydroxy-anthraquinones are reduced by zinc in acid solution in 
the place of the parent substances (compare this voL, i, 111). The 
methyl ethers are cited as examples. H. W. 


Morindone. Johx Lionel Simonsen (T., 1918,113, 766—774). 
— Although certain unexplained discrepancies exist between the 
results of Oesterle and Tisza (A., 1908, ii, 527) and Perkin and 
Hummel (T., 1894, 65, 851), the author considers morindon? 
obtained from Morinda citra folia to be identical with that derived 
from M, umbellata. 

Morindone is probably a hydroxymethylauthrarufin (I) or a 
hydroxymethylchrysazin (II) (annexed formulae), for the follow- 
ing reasons. The methyl group is in position 2, since morindone 

can be converted into 



(I.) 


OH CO OH 


1 I 1 r 
\/\/\/ 
CO 


(II.) 


2 - methylanthracene 
(Perkin and Hummel. 
loc. cit.). Morindone 
contains three hydr- 
oxy-groups, since it 
yields triacetyl, tri- 
benzoyl (yellow 
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fjeedles, na. p- 218 — 219°), and trimethyl derivatives. Two of the 
hydroxy 'groups must be in the ortho- position with respect to the 
tarbonyl groups of the anthraquiuone nucleus, since treatment with 
niethyi iodide and alkali only yields a monomethyl ether, brown 
needles, m. p. 248°. Further, moriudone is a mordant dye 
ifsembiing alizarin, and hence probably has two of the hydroxy- 
ofi'oups in the 1 ; 2-position. The hydroxy-group, which undergoes 
inethylation with methyl iodide, nmst be present in the same ring 
as another hydroxy-group, since moiindoiie Tnonomethyl ether is 
completely destroy^ on oxidation. Moriudone cannot be a deriv- 
ative of anthragallol or purpurin, since it is perfectly stable in 
alkaline solution. Hence it follows that the only positions for the 
hydroxyl groups are as in 1;5;6- or 1 : 7 :8-trihydroxyanthra- 
qiiinone. 

Further, it is highly probable that the methyl group is in the 
ortho-position with respect to one of the hydroxyl groups, since all 
attempts to oxidise it to a carboxyl group faM. Four forniulse 
are thus possible, of which the two quoted above are most probable, 
preference being given to (I), since morindoue resembles more 
closely bydroxyanthrarufin than hydroxycbrysazin in its colour 
reactions. 

The presence of a -CH^'OH group in morindone, as suggested by 
Perkin (Thorpe’s Dictionary, III, 547), is unlikely. 

Attempts to isolate in a pure state the sugar obtained by the 
hvclroly.us of morindin were unsuccessful.. H. W. 

Complete Synthesis of Norcamphor. S. V. Hintikka and 
Gust. Komppa {Ann. Acad. Sci. Fenmcae, 1918, [A], 10, No. 22, 
1 — 12; from Ghem. Zenir., 1918, ii, 369 — 370), — Ethylcyc^opentane- 
l-one-2-carboxylate is condensed by heating with zinc in benzene 
solution with methyl bromoacetate to ethyl methyl hydro xyhomo- 
norcamphorate (annexed formula), a viscous, colourless oil, h, p. 

140 — 172°/14 mm., which is converted by 
CUg'CH’GOjEt heating with sodium hydrogen sulphate at 

I Qg 120 — 140° into methyl ethyl dehydro- 

1 I ^ horaonorcampho'rate, a colour- 

CH/C(0H)»CH2*CO2Me less oil, b. p. 143 — 145°/ 12 mm., 

Df 1‘09078, 1'46956. On reduction 

with hydrogen and colloidal platinum, the latter yields methyl 
ethyl homoncrcampharate, b. p. 135 — 141°/ 13 mm,, Di" 1*06820, 
1 ’45054. The corresponding acid separates from water in mono- 
clinic prisms, from ether in radiating needles, and has m. p. 
137— 137’5° (corr.). The had salt is crystalline; the anilide forms 
Jieedles, m. p. 195 — 198‘5°. ^^orcamphor is obtained in the form 
of readily volatile crystals, m. p. 93 — 94°, by dry distillation of the 
above-mentioned lead salt in an atmosphere of carbon dioxide; the 
smicarhazone has m. p. 196'5 — 197*5°. 

Attempts to prepare norcamphor from cyc/opentanedicarboxylic 
anhydride failed, on account of the difficulty of obtaining the 
latter in requisite quantity. In another series of experimentB, lack 
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of success vvas due to inability to effect a normal bydrolysi;: y,. 
reduction of ethyl cyanodehydrohomonorcamphorate^ CigH,*ON 
colourless oil, b. p, 189°/ 10 mm. (obtained by condensation of 
ethyl cy c/op entan-l -one- 3'CarboxyIate with ethyl cyanoacetate ii^ 
the presence of diethylamine), bo hom on or camphoric acid. 

H. W. 

Conversion of Menthone into Pulegenone. 0 . Wallach 
and E. Gkote {Nachr, K. Ges, ^Wk%. Gottingen^ 1917j 319—333; 
from Chem. Zentr., 1918, ii, 120 — 121). — It has been shown pre 
viously (A., 1916, i, 487) that in the transformation of th? 
dibromides of cyc/ohexanones into cyc/opeutanones, intermediate 
compounds of the general formula CnH 2 rt -402 are obtained which 
are regarded as hydroxy-ketones, and can be further con- 
verted into cyc/opentanehydroxycarboxylic acids and cyc/opentan- 
ones. In this manner, menthone yields two isomeric compounds, 
CiQH,g 02 (o-compound, m. p. 82 — 83°, jS-compound, m. p. 36—38°). 
of which the a-isomeride proves to be identical with buchu-cam])lior. 
These compounds have now been further investigated. 

The two substances, appear to behave similarly toward? 

bromine; a mixture of them is converted by this reagent in acetic 
acid solution into a monobromide, CipHisOoBr, m. p. 77 — 78^. 
identical with the monobroTnobuchu-camphor described by Cusmano 
(A., 1914, i, 303). When wanned with anhydrous pyridine or 
.sodium hydroxide solution, the monobr amide yields hydroxythymo- 
quinone. A second monobromide, C|yHj- 02 Br (?), yellow 

crystals, m. p. 100 - 101 °, or possibly somewhat higher (decomp.). 

is prepared by bromiiiating in acetic acid solution at 60°. The 
dibromide, yellow crystals with green glance, in. p, 

44 — 45°, is obtained by the action of an excess of bromine on an 
ethereal solution of the monobromide, m. p. 77°, or of buchu 
camphor; it is not decomposed by boiling acetic acid, and is reduw' 
by acetic acid and zinc dust to buchu-camphor; when warmed will 
pyridine, it yields a colourless oil, the alkaline solution of whicl 
is oxidised by air to hydroxythymoquinone. Aqueous potassiiur 
hydroxide transforms the dibromide into an acid, 
transparent prisms, m. p. 88 — 89°, the silver salt of which i; 
described. This acid, on dry distillation, yields pulegetioni 
(ihethylMopropyl-A^-c?/(;/opentGn-2-oiie). b, p. 188'5 — 18°' 

/ly T4660 (semicarbazone, m. p. .183 — 184°). The ketone i 
reduced by hydrogen in the presence of palladium to dihydro 
cam ph or pho r on e . 

The previously described compound, C 7 HJ 0 O 2 (from tli' 
dibromide of methylcy/c/ohexan- 2 -one, loc. cit.), is converted h; 
excess of bromine in ethereal solution into a trihrnmide, CyH^O.^Br;. 
yellow, hexagonal plates, m. p. 115—116°, which dissolves in alkali, 
yielding an acid containing bromine. H. W. 

New S3rnthetic Glucosides. Ferdinand Mauthner (J. p^- 
Chem., 1918, ful, 97, 217—224. Compare A., 1913, i, 574; 19U. 
i, 195), — A solution of acetovanillone in aqueous sodium hydroxide 
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acetone is treated below 18° with an acetone solution of acet<^ 
bromogiucoae, whereby ^ctra-acetyiglucoacetovanilhne C«eH O’ 
^•olourlees crystals, m. p. 156-^157°, ig obtained, which yields bv 
hydrolysis with 6% barium hydroxide solution glu coace 
C^.HooOg, comurless needles, m. p, 223—224°. 

in a similar manner, the following glucosides have been pre- 
pared ; methyl tetra-acetylgUmmheylate (tetra-acfli/lnavUhemi) 
C,ir,0,,, colonrleBs leaflets, m. p. 154-155°, from methyi 
«ihcylate; methyl fetm-acetylghiea-p-eoi:mnrale C„H 0 enU-.r 
,e. crystals, na^p^ 160-161°, frcnr methyl inc^nSe’V:::;; 
conmanc acid, form? colourless needles in p 194 95 of. 

<c<ra-u.ceeyfp(«co/cr!,f«re, C;,,H,„ 0 , 3 , colourless needles, m. m 
120-126°, from methyl ferulate (glwofuulie ur,.V/, C„.H„0„ fornis 
colourless needles, m. p. 186—187°). ^ q g 


Conversion oi Mannitol into Methyl pyran, A. Windaus 
and A, ToMicir (Nackr. K. Cn. Ib/A?. GrdUnqtn 1917 46‘>— 468- 
from Ch^m ZentT., 1918, ii, 109).-It lias been 'shown by 
Fauconnier (A., 1885, 743) that maimitol is converted by formic 
acid into mannitan, and /somannide, the former 

is esferihed by forinic acid, yielding a difonnate which, at 210°, 
undergoes decomposition according to the sell ernes ■ 
c!cH 5 o 03 (o*coh), rr- CO -I- CO, a,ir,'o , 
and <yr5„0,,(0‘COH)._,-2Hg0 !-2C0 h-C,JT, 0. The latter sub- 
stance, CfjHgO, lias lieeii obtained in a different 
manner by the authors. Closer investigation sliows 
it to be methyl-a-pyran (annexed formula), since 
it passes into 6-hexylene oxide (compare Lipp, 
A., 1886, 219) when reduced by hydrogen in the 
presence of spongy palladium. The identity 'of 
products is fnrtner proved by converting each 
into the same dibromide, CgHpBr,, Td. W. 


OH 


no 

lie 


CH 

CHMe 

v/ 


^ Derivatives of Berberine Closely Allied to Derivatives of 
-ryptopine. Wilmam Henry Perkin, jnn. (T,, 1918, 113, 
22 ^ 65).— The close relationship which exists between cryptopine 
ind herberine has been previously discussed (T., 1916, 109, 833, 
Al , 1918, 113, 493); the object of the present investigation was 
o introduce an .V-methyl group into the berberine molecule in 
>rder to study derivatives of berberine which are similarly con- 
titoted to the co^espondiug derivatives of cryptopine, and only 
iiffei from these in containing the two m ethoxy-groups and the 
i^hylenedioxy-group in the reversed jiositinns. 

The views of Gadamer (A., 1911, i, 152) with regard to the 
entity of dihydroanhydroberberine arc substantially confirmed 
compare Faltis, A., 1910, i, 698). 

^Mldroanhydrohcrherinc methosidphate, brilliant yellow, ortho- 
lombjc prisms, m, p. 205°, is converted into the methochloride, 
p. 223°, which, similarly to fsocryptopine chloride, is trans- 
^rmed mto anhydromethjtberbenne^ pale yellow prisms, m. p. 
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94—95°; the latter, on reduction, yields iV^-inethylf^otetrahydro. 
anhydroberberine (Pyman, T., 1915, 103 , 827). 

The behaviour of anhydromethylberberine and anhydrocrypto. 
pine with concentrated hydrochloric acid shows points of difference 
bat with the dilute acid the actions are very similar; thus, anhydro^ 
inethylberberirie gives two, probably stereoisomeric, hydrozyi^ 
anhydrodikydromethylherberines, m. p.’s 210 — 212° and 168 — Hqo 
respectively. These are converted by acetyl chloride into mixture? 
of the hydrochlorides of two acetoxywoanhydrodihydromethvi- 
berberines, from which the acetyl bases, m. p.’s 165 — 167° ain! 
213 — 215°, respectively, are obtained. 

'isoAnhydromethylherherine^ m. p. 123 — 124°, ia prepared froi^i 
either modification of hydroxy/^oanhydrodihydromethylberberine; 
it yields a hydrocMoridey m, p, 205 — 210°, and a hydrtodidc, m. ji, 
247°. 

The reduction of diliydroanhydroberberine methochloride leads to 
the formation of the two modifications of the methochloride o! 
tetrahydroanhydroberberine on the one hand, and of dihydrt,. 
methylisotetraJiydroanhydroherheri tie on the other (coinpai? 
Pyman, T., 1913, 103 , 823) ; the methosulpbate of the latter ran 
be converted into dihydrodimethylisotetrakydroanhydroherhenih 
This substanre similarly yields a methosulphate. from Avliir-li 

herheridenr (annexed fonuulat 
/Xo^le P’ — 114°, is derived. 

rl loM main evidence in support of 

\ / ^ the formula is obtained by i 

Me study of the oxidation of tlte 
substance; it yields 5 : 6-diiiietli- 
oxy-o-tolu aldehyde, 5 : 6-diiu41i- 
oxy-o-toluic acid, and an acid, in. p. 174 — 176°, which is doubtles> 
hydrastic acid. 

Anhydremethylherberioe methomlyhaiey colourless needles, in. p. 
150 — 152° (meihiodide, m. p. 188—190°), resembles anbydro^ 
cryptopine methosulphate, in that it is converted by m ethyl- 
alcoholic potassium hydroxide into anhydromethylberberine ; it i: 
transformed by hydrochloric acid into ^p-methylherheiimn 
chloride, m. p. 95—100° {iodide, m. p. 175—180°), which closely 
resembles i/'-cryptopine chloride.- 

Oxyberberine is readily reduced electrolytically to tetrahydro- 
auhydroberberine, thus completing the synthesis of herberiue 
devised by Pictet and Gams (A., 1911, i, 807). 

Por experimental details, the original must be consulted. 

H. 

Preparation of Hydrogenated Alkaloids. C. F. Boehrixget} A' 
SoHNE (D.K.-P. 306939; from Chem. Zentr., 1918, ii, 421).- 
Alkaloids or their salts can be smoothly hydrogenated in aqueou? 
solution or suspension by means of molecular hydrogen in the 
presence of nickel suboxide ; the temperature may be normal or 
somewhat above (up to 60°), and the pressure normal or slight!} 
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^^sed. Thus, hydroquinine and dihydromorphine are prepared 
rom quiuiu® hydrochloride and morphine, respectively, whilst 
innainylcocaine gives hydrocinnoTny^cocamt^ an oily liquid which 
s decomposed by heat. H. W. 

pyrrol© Blacks. A. Angeli {Atfi Accad Lincei, 191S, Tvl, 
57 , i, 209 — 212; GazzeMa, 1918, 48, ii, 21 — 25. Compare A., 

915, i, 9913. As well as by the action oi hydrogen peroxide in 
,cetic acid solution, pyrrole is converted by most oxidising agents 
nto highly coloured products, mostly black or brown, pome being 
•eadily soluble and others insoluble in alkalis. Thus, addition of 
jotassium dichromate to an acetic acid solution of pyrrole iinmedi- 
itely precipitates an intensely black powder, and if a cotton fabric 
s soaked in the acid pyrrole solution and then transferred to the 
iichromate bath, it is dyed black, the colour being very fast against 
loap and light. This colouring matter contains" chromium, "prob- 
ibly combined, at least partly, with the colouring mailer in the 
orm of a lake. When treated with dilute sulphuric acid and 
lirliromate, the black material passes Inte solution, and from the 
lolution ether extracts maleimide, so that it? molecule still contains 
jvrrole residues. It is probable that the series of changes: 
wrrole — ■>■ pyiTole black — >- maleimide is analogons to: aniline 
aniline black — y quinone. 

; The formation of pyrrole black seems to be preceded by poly- 
mer isat Ion of the pyrrole molecule, this taking place with greater 
or less rapidity according to the reagents employed. The possible 
itnictures of these polymerides, their relation to the colouring 
(natters, and the connexion of the latter with the black compomuh 
icrmed ns a result of the action of tvrnsinase, are discussed. 

T. H. V. 

Pyrrole Blacks and Melanins. A. Anhetj {Aiii G, AccafL 
1908, [v], 27, i, 417 — 421), — In connexion with the close 
nialogy between pyrrole blacks and natural melanins, as regards 
nethod of formation and also characters and behaviour (preceding 
ibstract), the author directs attention to a number of cases of 
ormation, either in the animal organism or through the agency of 
iniTual products, of dark pigments from pyrrole derivatives, and 
ho from adrenaline, tyrosine, and hydroxyphenylethylainine, these 
'impounds having skeletons similar to that of pyrrole. 

T. H. P, 

The Compounds of Phenol and the Cresols with Pyridine. 

h P. W. Skirrow and T. V. Binmorb (/. Amer, Chm. Soc., 1918. 
^0, U31 — 1442. Compare Hatcher and Skirrow, A., 1917, i, 665). 
-The effect of excess of phenol and excess of pyridine on the dis- 
^■iatlon of pyridine-phenol, postulated as C-Hr/OH.Cr.HjN — 
f.H- ‘OH -h C 5 H 5 N, has been studied by the cryoscopic method, and 
has been found that phenol depresses the dissociation much more 
crongly than does pyridine. The dominant eqnilibri\nn might 
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therefore be (CgH 5 ’OH) 2 ,CgH 5 N - — 2 CaHg» 0 H + CgH^N, hut a 
study of this dissociation on similar lines showed that the effect of 
excess of phenol on the apparent dissociation was only greater than 
the effect of excess of pyridine with comparatively high additions 
of these. An explanation of these results and of the extraction 
results of the earlier paper is based on the following equilibria 
CeHg-OHAHsN ^ QHg-OH + C 5 H 5 N and C 5 H 5 -OH,CgHgK, 
CgHg-OH (CeHg-OH) 2 ,C 5 HgN. 

It is shown that the difference between the effect of addition of 
excess of phenol and of excess of pyridine in the extraction expeii- 
ments tends to disappear as the dilution of the benzene solution is 
increased, H. tV, 

Preparation of Derivatives of Hydroxyarylquinolinedi 
carboxylic Acids, Farbwerke vorm. Meister, Lucius, & BrCmsg 
(D.R.-P. 305885 j additional to D.R.-P. 293467; from Chfw. 
Zentr.f 1918, ii, 237). — Derivatives of isatic acid, substituted in 
the nucleus, are condensed with acetylsalicylic or acetylcresoti? 
acids. Thus, hydroxytol'i/lquinolined^carhoxyhc acid, orancjp 
powder, decomposing above 280°, is prepared by warming 5-metliyl- 
isatin with p-a cetyl sal icy lie acid in the presence of potassium hydr 
oxide and water. Similarly, 5 : 6 -methylenedioxyisatin aiKi 
p-acctylsalicylic acid yields a qmnohnediaarhoxylic acid, yellow 
powder. The product obtained from n-methylisatin and acetyl-/) 
cresotic acid is a yellowish-rcd powder which decomposes at 29<T. 
CyBromo4^diydroxyphenylqiiinoUiieA:V-dicarhoxylic add, yellow 
powder, decomposing at about 273°, results from n-bromoisatin on-! 
/^acety] salicylic acid. • 

N-Acyl Derivatives of Carbazole. Maurice Copisarow (T. 
1918, 113, 816—820). — Good yields of A-acylcarbazolcs .uv 
obtained by triturating potassium carbazole with a slight exce?? 01 
the requisite acid chloride; the energy of reaction and the stehilly 
of the products decrease with the complexity of the acyl group in 
the case of monobasic acids. ^ 

The action has been studied in the cases of acetyl, benzou, 
phenoxy acetyl, Ti-nonoyl, palmityl, carbonyl, aiid^ oxalyl chloiidc?. 

It is improbable that A-oxalylcarbazole is an intermediate pro- 
duct in the formation of " carh azole-blue.” 

For experimental details, the original paper must he consulted. 

E. u . 

Preparation 6 f Piperazine. David S. Pratt and Ch.arlks 0. 
Youxrf (7. Amer, Ghein. Sac., 1918, 40, 1428-1431. Compare 
D.R.-P. 60547).- -The following process has proved satisfactory, tut 
may he capable of improvement on a manufacturing scale. ^ 
mixture of ethylene bromide, aniline, and anhydrous sooiimi 
carbonate is heated to gentle boiling for five to six hours, wane 
fused mass is extracted with hot water, and the crude 
piperazine transformed into its nitroso-derivative by suspeuning • 
in cold concentrated hydrochloric acid and gradually adding a 
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rilled soiut/ion of sodium nitrite through a tube reachiug to the 
Ijottoni of the acid. The precipite,t6, probably the hydrochloride of 
^iflitrosodiphenylpiperazine, is added to a 40% .solution of sodium 
Jjydrogen sulphite and the suspension warmed to about 80°; the 
I'olutwii made strongly alkaline with sodium hydroxide and con- 
L-eiitrated by distillation. The piperazine is finally isolated by dis- 
tillation of the residue with superheated steam and is absorbed by 
livdrochloric acid. 

"Traces of piperazine are conveniently detected by means of 
platinic chloride, picric acid, or bismuth potassium iodide (brilliant 
oarnet crystals), or by the formation of dinitrosopiperazine. 

' H. W. 

Formulation oi so-calied Quinonoid Dyes. Hans Bduaiid 
piEiiz and Habtmann Kokchlin {Ilelv. Chini. Ada, 1918, 1, 
-JlO— 2l8).~The authors propose to apply, with certain modifica- 
tions, Werner’s views of the structure of inorganic compounds to 
(juiHouoid dyes, and to formulate these as complex compounds. 
Thu?, rosaniline chloride is represented by the formiila 

:uid similar formuljB are given for dyes of the dijiheuyimethaiie, 
■miK, thiazinc, oxazine, and xanthene classes. The conversion of 
;i coloured ammonium ” base into a colourless carbinol is repre- 
.'cnted by the foinnulsc [(NH;,-C(;Hj)jiC]OH — > 

(NH,-CeH,)3:C‘OH, 

the hydroxyl group being attached definitely to the carbon atom 
instead of indefinitely to the whole complex. The colour changes 
produced by mineral acids in aqueous solutions of triphenylmethane 
dyes find a simple explanation if tlie assumption is made that 
vith increasing concentration of the acid molecules of the acid 
enter the complex and ihodify the auxuchromic infiiieiice of the 
amino- or substituted amino-groups. C. S. 

Explanation oi Heumann’s Rosaniline Synthesis. Hass 
Eduard Fiekz and Hartmann Koechlin {II eh;. Chim. Acta, 
1918, 1, 218 — 226). — In the original Heumaun reaction (D.H.-P. 
f)651i and 68976), carbon tetrachloride and a tertiary amine, for 
example, dimethyl aniline, are made to react in the presence of 
aluminium chloride, whereby crystal- violet or an analogous pro- 
duct is at once obtained. The authors state that the primary 
product is the keto- chloride, CCl 3 (C(;T'TpNIvle 2,)2 (although they have 
not succeeded in isolating it), because the reaction product, after 
beating at 50° has been continued for ten minutes, yields a small 
quantity of Michleris ketone when added to ice-water. When 
acetanilide is used instead of dim ethyl aniline, and the temperature, 
uot allowed to exceed 30° during the reaction, a 60% yield of 
4:4bdiaminob6nzophenoue is obtained on adding the reaction pro- 
duct to ice-water and hydrolysing the product with dilute sulphuric 
(1:1) at 110—115°. 

4:P-Biaminobenzopheiionc, which thus becomes au easily 
obtainable substance, fonus a dkiedyl derivative, colourless needles, 
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m. p. 237^, a tUheniylidene derivative, colourless needles, jq, 
194°, and a phenylhydrazontj faintly rose-coloured needles, m ?’ 
240°, ZiZ'-Dichloroi'A^-diaminohenzoyherKmef a yellow, cryst^ 
line powder, is obtained from o-chloroacetanilide, and 4:44,,^^^ 
nietliyldiainino-2 : 2^-diiaetliylbenzophenone from dimethyl-^j 
toluidine in a similar manner, 

Tetrazotised diaminobenzophenone couples with jS-naphtliol anij 
with uaphthol A.S. to produce bisazo-dyes of little interest. 

The keto- chloride obtained from acetanilide reacts with dimetliv;. 
aniline to produce 4:-di/nethylamino4.' :^^^~diacetylaininotri'p}miii\. 
methyl chloride, NMe2‘CgH4*(Xll(CgH4*NHAc)2, which dyes siH 
and wool grey; after hydrolysis of the acetyl groups, the lesultiD? 
base dyes silk and wool violet. ^ 

The ketO'Chloride obtained from diniethyl-m-toluidine reacts witi 
a further quantity of the same base to produce hexamethyltriaimiio 
t l i m-tolylm ethyl chloride, which dyes silk and wool in pure tine 
tones. C. S. 


Naphthasultam. HI. Nitro- and Amino-derivatives of 
Naphthasultam, and Hydrolytic Products of TetracUoro^ 
ketotetrahydronaphthasult£im [2:2:3 :3~Tetrachloro-I 
napht]iasultam-4-quinone] . Th. ZiNCKEand Grete Schurmas? 
{Ajinalerb, 1918, 416, 65 — 85. Compare A., 1916, i, 426; 1911, 
i, 38). — The analogy between 1 : 8-naphthasultam and a-uaphthoi 
is also exhibited by their nitro- and amino-derivatives. 

When 1 : 8-naphthasultam is ground with nitric acid (D V'l: 
10 parts), it yields 2 : A-dinitro-l : S^aphthasvltam, ill 

brownish-yellow tablets and prisms, m. p. 258° (decomp.), and 
forms deep yellow, crystalline ammonium, potassium, and sodium 
salts. Dannerth (A., 1907, i, 909) regarded the product as i 
mononitro- derivative. On reduction with tin and hydrochloric 
acid, the compound gives 2 : i-dia7mnrO~l : ^-naphthasultam ; tii; 
crystallises in slender, yellow needles, which soon become dark on 


exposure to the air, and forms a monohydrochloride , yellow needles, 
a dihydrochloride, pale yellow needles, and a triacetyl derivatke, 
white needles, m. p. above 270°, which changes into 2‘A-dmtU^- 
ariiino-\ : ^-naphthasultam^ CJ4HJ3O4N3S, when shaken with dilute 
alkali hydroxide (compare Dannerth, ibid.). The hydrochloridet 
are oxidised by ferric chloride to 2-amino-\ : ^naphthasultani- 
quinoneimide (annexed formula), a reddish- 
N — SO2 brown powder, which blackens at 230— -235°, and 

forms a hydrochloride, dark red needles, The 
. imide reacts with aniline in hot alcoholic acetic 


\/\/ 

NH 


acid to give %anilino-\ : ^-naphthasulio^'' 
qiiinoneanil, 15^2^3^? which crystallises ic 

bronzy -red needles, ra. p. 235 — 236° and forint 


an almost black hydrochloride and nitrate. 

2 :2 :3:3-Tetrachloronaphthaquinane and 2 : 2 ; 3 : 3-tetracHIoro 
1 : 8-naphthasultam-4-quinone resemble each other in their 
behaviour towards alkalis. If the latter is triturated for a fc^ 
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miuutes with aqueous-alcoholic sodium hydroxide, it is hydrolysed 
iji trichloroacrylyl-ZsiUphamidobenzoic acid, 

CCl2:Ca-C0-C8H3(C02H)»S02-NH2, 
which crystallises in stout tablets from dilute alcohol or long 
ueedles from dilute hydrochloric acid, has m, p. 197 — 198° 
(decomp.), forms a methyl ester, stout prisms and tablets, 
52 . p. 115—116°. Both the acid and the ester deposit trichloro- 
ethylene on shaking with alkali hydroxide, the 
solution containing the salt of phthalic- 
saccharincaThoxylic acid’^) 
j I ' / (annexed formula). This acid may be 

\/\c0^ obtained directly from the quinone by pro- 

longing the action of alkali to two hours, 
llic hydrolysis and subsequent reactions being represented as follows : 


\/V 




OO.U-C(iH3<_ 


--c-cci:cci, 


I . 

CO,H-C„H,<^JJ>NH + CHOi:CCl, , 

Phthalicsulphinide crystallises in stout, hard needles, ni. p. 
275 — 276°, and whilst it is stable towards dilute alkalis, it is 
readily hydrolysed by boiling with dilute hydrochloric acid to 
%mlfhariiidophthalic acid, NH 2 ‘S 02 ‘CqH 3 (C 02 H) 2 , which crystal- 
lises with IHgO in glistening leaflets or broad needles, m. p. 
165° (decomp.), the anhydrous acid having m. p. 194°, and chang- 
ing at this temperature, or when warmed with concentrated 
sulphuric acid, into phthalicsulphinide. The acid is stable towards 
boiling iV^-alkali hydroxide, but its methyl ester, glistening leaflets, 
m. p. 139°, changes into phthalicsulphinide when shaken with 
alkali hydroxide in the cold. Conversely, phthalicsulphinide yields 
this methyl ester when warmed with methyl -alcoholic hydrogen 
chloride. These derivatives of phthalic acid were originally 
described by Comstock (1883), Stokes (1884), and Moulton (1891), 
working under Remsen’s guidance, but they failed to differentiate 
clearly between phthalicsulphinide and sulphamido phthalic a^«d. 


Analogies in Behaviour between the Diazoimide and 
Diazomethane Rings. E. Oliveri-Mandala {Gazzetta, 191S, 48, 
ii, 35—39). — A very brief summary of the principal results of a 
auinber of papers published in the years 1910 — 1915. T. H. P- 

Electrolytic Reduction of Hydroxyazo-compounds. E. 

huxEDDu {Gazzctta, 1918, 48, ii, 25— 30).— In alcoholic solution 
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and in presence of hydrochloric acid, j>*llydroxyazobenzeue under- 
goes electrolytic reduction to ^^^aminophenol, whereas in present* 
of sulphuric and acetic acids no definite result is obtained. 

T. H. P. 

Aromatic Nitro-derivatives. VII. Formation of Nitro- 
hydrazo-compounds. Michels Giua [Atti E. Accad. Lined 
1918, [v], 27, i, 247 — 252; Gazzetta, 1918, 48, ii, 8 — 17). — By the 
action of phenylhydrazine on trinitrotolylmethylnitroamine and on 
trinitromethyl-p-toluidine, Soram^r (A., 1903, i, 655) obtaine*' 
derivatives of hydrazobenzene. With aromatic polynit ro-com- 
poimds containing a labile nitro-group, phenylhydrazine in the 
cold exerts not a reducing, but rather a substituting action. The 
author finds that this behaviour of phenylhydrazine is genera! in 

character, and furnishes a good 




NO. 


\_ 


>NH'NP1< 

NO, 


nitro- 




method for preparing 
hydrazo-compounds . 

2 : 4i-Dinitro-b-meth7/lhydra:ii 
benzene (annexed formula), 
obtained by the action of phenylhydrazine on 2 : 4 : 5-trinitrotoluene 
ill methyl-alcoholic solution, foims reddish-yeliow plates, m. p. 
155° (decomp.). When treated in alcoholic solution with gaseons 
hydrogen chloride, it is converted iotg 
OH, i-7iitro' - 2 - 7ti.trosa - 5 - methylazoheuzitn 

\ (annexed formula), which crystallises in 
\ / golden-yellow plates, m. p. 120 — 12P. 

NO 2 : &-Dinitro-5~methylhydraz<}be!izcne, 

Ci 3 Hj 204 N 4 , obtained from phenylhyd:- 
azine and 2 ; 3 ; 4-trinitrotoluene, forms large, red prisms, m. p, 
137° (decomp.), and by gaseous hydrogen chloride in aicoholii.* 
solution is converted into Q-7utr(/-2-nitroso-b-mctJiylazohen:tne or 
%nilro-b-nitroso-b-methylazoben 2 e?ie, C 43 Hj(j 03 N 4 , which crystallises 
in shining, yellow needles, m. p. 154°. T, H. P. 

Aromatic NitrO-derivatives. Formation of Nitro- 
hydrazo-compounds . Michele Giua {Atti B. Accad. Liam, 
1918, [v], 27, i, 379 — 382. Compare preceding abstract).— 
2' ‘A’-Dinitrohenzeneozo-m-benzoic acid (annexed formula), pre- 
pared, together with a brown 
00„H compound, m. p. below 100°, by 

the action of phenylhydrazine on 
2:4: 5-trinitrobenzoic acid, forms 
yellow needles, m. p. IS-i^ 
decomp.); its silver salt was 
When . dissolved in methyl alcohol and treated witli 
gaseous hydrogen chloride, it yields i^-nitro-^^-nitrosobenzenr-riV 
azobenzoic acid (annexed formula), 
which crystallised in golden-yellow 
needles, m. p. 244° (decomp.). 

Methyl 2^ ; -diiiitrohenzenth^idr 
azohenzoate, obtained 

from phenylhydrazine and 





analysed. 


CO.,K 

ifO./ hN:N< 
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^: 4 ; 5 -triiutrobeii 2 oate, forma shining, orange-red plates, m. p. 

(decomp.); from methyl alcohol containing benzene, it 
iirystallises along with, an ’isomtTtde^ which forms pule yellow, pris- 
matic crystals, m. p. 147^; these begin to emit gas at 175— ITS'-b 
lu the acUon of os-phenylmethylhydraaiue on 2 : 4 : 5-triuitro- 
tolueue, a similar substitution takes place, with elimination of 
nitrous acid and subsequent formation of nitrogen. T. H. P. 


gydrazino-acids. II. August Darapsky {J. })i\ C/icw., 1918, 
[iij, 97, 182—217. Compare ibid,^ 1917, [ii], 96, 251).— In addi- 
tiou to the five methods of preparing hydrazino-acids already 
described (^oc. cit.), the author has examined the behaviour of 
maudelonitrae with hydrazine hydrate, and found that the reao- 
lioii does not follow the expected course. A violent reaction 
ensues when the mixture is wanned on the water-bath, 
Ammonia and hydrogen cyanide are evolved, and the dark red 
liquid deposits a small quantity of a substance, pale yellow leaflets, 
m. p, about 175“, which is not individual and probably contains 
bpheuyldihydrotetraziue, since it yields diphciiyltetraziue by o.xida- 
Uou. When the reaction proceeds in cold alcoholic solution, 
(libenzenylhydrazidine (Pinner, A., 1898, i, 94) is obtained; no 
trace of Purgotti's o-toluonitrile (A., 1895, i, 602) could be detected. 

The behaviour of benzaldehyde towards hydrazine mouohydro- 
chloride and potassium cyanide is exactly analogous to that of 
formaldehyde (Jay and Curtius, A,, 1894, i, 162). When equal 
molecular quantities of the three substances react in cold aqueous 
methyl-alcoholic solution, o- h tnzylidtnehydrazmoj}henylacttonitrilej 
CHPhlN‘NH‘CHPh‘CN, yellow leaflets, m. p. 112°, is obtained. 
Jf two molecules of benzaldehyde are used, or if hydrazine dihydro- 
chloride is employed instead of the monohydrochloride, the product 
IS benzylideneazine, a small amount of a by-product, colourless 
needles, m, p. 215°, being obtained in both cases. The a-benzyl- 
ideuehydrazinophenyl acetonitrile is probably formed from benzyl- 
ideuehydrazine and mandelonitrile, the initial products of the 
reaction, since it is shown that these two substances react to pro- 
duce the first under the experimental conditions. a-Benzylidene- 
hydrazinophenylacetonitrile yields hydrogen cyanide, benzaldehyde, 
and hydrazine by hydrolysis with hot 20% hydrochloric acid, and 
o-'betizylidenehydrazinophenylacetamide, colourless crystals, m. p. 
165 — 167° (decomp.), by treatment with concentrated hydrochloric 
acid at the ordinary temperature. When the amide is treated with 
-V-bydrochloric acid and an equal volume of water, and the mixture 
is distilled with steam, a-hydrazhnophtnylacetainide hydrochloride^ 
NH 2 -CO-CHPh-NH'NH 2 ,HCl, colourless leaflets, m. p. 215° 
idecomp.), is obtained, which can be converted into a-henzylidene- 
hdrazinophenylacetic acid, Cj 5 H] 402 No, long needles, m. p. 150°, 
^nd into a'hvdrazinovhenvlacetic acid, colourless leaflets, m. p. 

188-189“ ^ ^ 

The preceding reaction between benzaldehyde, hydrazine mono- 
^lydrochloride, and potassium cyanide is not a general one for 

VOL. cxiv. i. d d 
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aromatic aldehydes, ealicyialdehyde and anisaldehyde yielding only 
the respective aidazines. Heptaldehyde yields ^^pyHdtnehu^f 
azine, GgHj^’CH’N'NHg, colourless leaflets, m. p. 133 — 136°, 
is also obtained from aqueous hydrazine hydrate and heptaldehyde 
the substance described under this name by Pranzen and Eichler 
(A., I&IO, i, 700) being really heptylideneazine. 

By heating a mixture of equal molecular quantities of beiizy], 
idenehydrazine and heptaldehyde cyanohydrin on the water-hath 
an oil is obtained which has the composition of benzylideneheptvl- 
ideneazine, hut it is probably not an individual substance, since’ ii 
slowly deposits yellow crystals of benzaldazine. C. S. 

Relative Masses of Protein Anions and Cations. A, c 

Haas (./. Physical Clitm., 1918, 22, 520—524). — A repetition of 
the work of Robertson on the transport of casein ions by an electric 
current (A., 1909, i, 619; 1910, i, 526). The change in the casein 
concentration at the anode and cathode in the electrolysis of 
potassium caseinate has been determined by Robertson’s method 
and by determination of the change in the nitrogen content at 
both electrodes. The results confirm those of Robertson, which 
show that the ratio of the loss at the anode to that at the cathode 
is 2, This proves that the masses of the protein anions and cations 
are equal, and that the current is carried in both directions tv 
protein ions. J. p. g_ ‘ 

Mucins and Mucoids. P. A. Levkne and J. Lopez-Suvkez 
{J. Biol. Cham., 1918, 36, 105—126. Compare A., 1916, i, 6Sl 
765). — Mucoids containing chondroi tin-sulphuric acid have been 
obtained from the aorta and the sclera. On hydrolysis, chiton- 
amine is produced. 

Mucoi tin-sulphuric acid has been obtained from funis mucin, 
vitreous humour, cornea, mucin of gastric mucosa, serum mucoid, 
ovomucoid, and ovarian cysts. On hydrolysis with hydrochloric 
acid, mucoitin-sulphuric acid yields mucosin, 
white powder, [a]^ +25*55°, which is a disaccharide composed of 
glycuronic acid and chitosamine. H. W. B. 

Behaviour of Thymic Acid to Phenylhydrazine. R. 

Feulgen and Gr. Landmann {^Zeitsch. ‘physiol. Ghem., 1918, 102. 
262 — 265. Compare Feulgen, this vol., i, 85, 413).— Furtk: 
evidence of the existence of two free aldehydic groups in thyiiik 
acid is furnished by the preparation of a diphenylhydrazoae «i 
the acid, which is isolated in the form of its barium salt. Barium 
thymate is dissolved in water and treated at 60° with phenyl; 
hydrazine in acetic acid solution. The temperature is then raisea 
to 100°, and the heating continued for twenty minutes. Bariun] 
acetate is now added, and then three volumes of boiling alcohoi 
After cooling, the precipitated pheiiylhydrazone is purified by re 
precipit>ation by ajcohol from its solution in dilute acetic adt 
Bariicm phenylkydrazinothymate , Cj 5 HaO,,NsP 4 Ba.,, is i* yeUi'' 
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^^jjprphous substance whick readily decomposes wheu heated or 
treated with strong acids. Crystalline derivatives have not been 
obUined. H. W. B, 

Influence of certain Salts on Enzyme Action. I. S, Falk 
ij. Bid’ Ghcrn.i 1918, 36 , 229 — 247). — Sodium chloride accelerates 
<litrhtly the rate of lipolysis of olive oil by lipase, whilst calcium 
cbbride always inhibits it. The former does not alter the point 
of equilibrium of the reaction mixture; when calcium chloride is 
jjieseut, equilibrium is reached very much earlier than in its 
absence, and the higher the concentration, the greater the induence 
on the lipase. The addition of sodium chloride teiids to prevent 
the appearance of the calcium effect. H. W. B. 

Peroxydases. Kichabd Willstattkb and Autjiur 8toll 
i^Anmlen, 1918, 416 , 21 — 64). — The authors have set themselves 
the task of so improving the methods for isolating and purifying 
enzymes that the following questions may be answered : 
^1) whether enz 3 rmic activity is possessed by an analytically pure 
compound or whether an enzyme ” is a system of co-operating 
substances, (2) whether a metal is an integral part of an enzyme, 
and, eventually, (3) what atomic groupings are associated with 
enzyme activity. As a preliminary study, the case of horse-radish 
peroxydase has been chosen. 

For the isolation of highly concentrated peroxydase preparations, 
the following scheme is recommended : (I) Thin slices of the roots 
(j kilos.) are kept for a few days in flowing water in order to 
remove the simpler products by dialysis through the cell walls. 
(IT) The washed material is then digested with oxalic acid solu- 
tion (40 grams to 10 litres) for a few hours. By this means, the 
regulating influence of the living protoplasm is removed, the per- 
oxydase is precipitated, apparently adsorbed on coagulated protein 
material, and dialysis proceeds further, mustard oil being extracted 
in large quantities. So extensive is the dialysis, that the dried 
dices lose more than 25% in weight and half of their mineral 
matter. (Ill) The material is next crushed in a mill, washed on 
a filter with about 15 litres of water containing 1‘5 grams of oxalic 
acid, and then thoroughly pressed free from sap. The residue 
(I'o kilos.) is intimately triturated with baryta water, almost 
sufficient to overcome its acidity, then pressed again, and now 
treated with further quantities of baryta water to liberate the 
enzyme. Mc^t of the barium is retained by the fibres, but the 
expressed liquid is just acidified by means of carbon dioxide to 
remove the remainder, and then the filtrate is mixed with nine- 
tenths of its volume of alcohol. Slimy substances are precipitated, 
imd the filtrate is evaporated to 50—70 c.c. in a vacuum, from a 
bath at 50°. The residue is l^tered again and then mixed with 
^ve times its bulk of alcohol, whereby the crude enzyme is pre- 
' ipitated. This i§ purified a little more by redissolving it in water’ 
••■ontamiug a trace of sulphuric acid and reprecipitating it by 

dd2 
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alcohol. (IV) The crude material is found to be a mixture of th 
enzyme with a nitrogenous glucoside, which can be precipitated a 
a compound with mercuric chloride. Accordingly, an aqueou 
solution is treated with 0 5% mercuric chloride and a trace o 
calcium chloride to coagulate the jelly-like double compound, tt 
mass is filtered, and the enzyme reprecipita^ by alcohol from th 
filtrate. The peroxydase is then dissolved in water, whereby som 
of the mercuric chloride compound remains undissolved, the clea 
solution obtained by centrifuging is reprecipitated by alcohol, an 
the process repeated until the enzyme dissolves clearly in watei. 
The best preparation obtained so far amounted to O' 45 gram froiu 
5 kilos, of horse-radish, this representing about 60% of the enzyme 
oii<yinally present. The glucoside compound is decomposed by 
2A^hydrochloric acid, and the glucoside obtained by precipitating 
the solution with alcohol amounts to about 3’ 4 grams. 

In order to control the above operations, a method for edim 
peroxydase was developed. It depends on the production 
of purpurogallin from pyrogallol and hydrogen peroxide, but b 
free from certain errors which are present in Bach and Chodfil^ 
method (A,, 1904, i, 542), It is found, namely, that peroxydas 
is not only spoilt by too great a concentration of hydrogen ions, 
but by too concentrated hydrogen peroxide, and it is only fan, 
therefore, in devising an analytical method, to choose condition? 
under which the enzyme is not impaired. The method proposed 
is as follows. A solution of 5 grams of purest pyrogallol in 2 litres 
of water is mixed with about 10 c.c, of 5% hydrogen peroxide con- 
taining exactly 50 mg. of H 2 O., regulated to 20° in a thermostat^ 
and then treated with 1—5 c.c. of a solution of 5 mg. of the enzyme 
in 100—500 c.c. of water (that is, from about 0^25 mg. of the crude 
preparations to 0'02 mg. of the best preparation). After exactij' 
five minutes, the action is stopped by adding 50 c.c. of dilute sulph- 
uric acid, the purpurogallin is extracted with ether and estimateo 
colorimetrically by comparison with a solution containing 100 mg. 
of the pure pigment in 1 litre of ethei;. The resulte are then traus- 
lated into the number of mg. of purpurogallin which would be pnv 
duced by 1 mg. of the vacuum-dried preparation. This is cai.ed 
the "purpurogallin number.” Bor example, the number for the 
well-pounded horse-radish is about 0*25, for the crude preparation 
before treatment with mercuric chloride about 360, and for e 
best specimen yet obtained about 670. In a solution of car <)]i 
dioxide, the enzyme is not impaired, but produces only about 
as much purpurogallin as in pure water. It appears as tlious. 
the particular grouping in the enzyme at 
may be attached is also capable of uniting with acid^ 
of the preparations which have not been purified by ^ , 
chloride become somewhat more active after a few hours, Di 
solutions of the purified enzyme deteriorate. Consequent y, 
comparisons of activity are made immediately after disso h 

yteH of purpurogallin obtainable from pyrogallol has ofW 
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5 eeu discussed. For example, Niereiistein and Spiers (A., 1913. 

1367) obtained 10—16%. If tbe pyrogallol solution is concen- 
trated, the amount of peroxydase employed is large, and the 
hydrogen peroxide is added very slowly, so that it is always pre- 
sect in very low concentrations, the yield may be as high as 80%. 

Some reactions and analyt^ical data concerning the purest enzyme 
aiid its companion glucoside are also recorded. The enzyme 
appears to consist chiefly of a nitrogenous glucc^ide, containing a 
pentose (above 30%) and an equimolecular quantity of another 
sugar, probably a hexose. It does not seem to be very complex, 
and if it contains only the residues of two sugar molecules, its 
molecular weight would be about 500 and number of nitrogen 
atoms 3. It also contains about 5-5% of mineral ’ ash, consisting 
of alkaline earths and iron. The amount of the latter is very 
small (0-46% in the best preparation), but it rises with the purifi- 
cation of the enzyme. It is unlikely, however, that iron plays any 
jtoicheiomefcrical part in the production of purpurogallin, for it 
may be calculated that the activity of the best preparation would 
mean a consumption of 297 — 355 molecules of hydrogen peroxide 
in one second for every atom of iron present. Furthermore, the 
addition of ferrous salts is of no influence in the reaction. The 
companion nitrogenous glucoside, which is precipitated by mercuric 
chloride, is a high molecular compound, Its vapours give the 
pyrrole reaction, and it also gives the Millon and xanthoproteic 
reactions. It contains about 50% of pentose residues, and a hexose, 
and the proportion of nitrogen is about 3 atoms to every 2 pentose 
molecules. 

Oxyhseiuoglobin has often been compared with peroxydase. and 
Wolff and de Stoecklin have even stated that they do not differ in 
f.eroxidativ6 action (A., 1910, i, 802). This is chiefly because rich 
peroxydase preparations had not been employed hitherto, for oxy- 
lijcmoglobin is only about one-thousandth part as active as \ 
fluantity of peroxydase containing the same amount of iron. Iron 
compounds, such as the tannate or a ferrocyanide (Wolff, A., 1911, 
ii. 795) or sulphate, are also very feeble in their activity compared 
with peroxydase. J. C. W. 


Physiological Chemistry. 


Distribution oi Phosphoric Acid in Normal Human 
Blood. W. R. Bloor (J. Btol. Chm„ 1918, 36, 49—57).— 
There are two classes of phosphoric acid compounds in human 
hlood, (1) those soluble in dilute acids and precipitated by alcohol- 
riher, (2) those soluble in alcohol-ether and precipitated by dilute 
,^cida. The sum of these two groups is, in general, equal to the 
total phosphates, so that the presence of other foms of combina- 
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tion of the phosphoric acid in blood, in significant amountsj 
improbable. 

The second group contains substances of the type of iecitiiu- 
the first group comprises the inorganic phosphates and an unkno^t 
compound, which is decomposed by heating with acids, yielding 
phosphoric acid. The amount of thfe unknown compound in plas^j 
is about 10% of the total phosphates, whilst in the corpuscles it 
rangM between 60% to 80% of the total phosphates. The possible 
significance of this compound is discussed. H. W. B. 

PhenolB and Phenol Derivatives in Human Blood « 
some Pathological Conditions. Ruth C. Theis and Stashjt 
R. Benedict (/, Biol. Ghem., 1918, 36, 99 — 103). — By means oi 
the method previously described (this voh, ii, 461), it is found 
that the ambunt of phenols in pathological blOod may vary between 
1-87 and 7*96 mg. per 100 b.c. of blood. H. W. B, 

The Pigments of Blood Serum. G. Patein (J. Pham, 
(jhim., 1918, [vii], 18, 225 — 238). — Prom a Series of tests, tbp 
author concludes that FouchePs method (compare this vol, 
ii, 415) for the detection of biliary pi^ents in serum is not vitiatft: 
by the presence of indoxyl. The methods of Troisiet and Berilielit 
(compare Coriipt. rend, Soc. Biol., 1912, 259) and of Giraud am 
Montpellier (compare Bull. Soc. chim., 1917, 132) for the detw- 
tiijn of indoxyl give good results. If the amount of indoxyl present 
is small, it is better to extract it from the serum with alcoboi 
and examine the residue left after evaporating the alcohol Thf 
addition of a trace of ferric chloride to the hydrochloric acid mab 
the reaction more sensitive. 

A new blue pigtnent has been discovered iii blood serum wlkli 
does not form under tbe Oxidising action of reagents. It is cliarac 
tcrised by its solubility iii 0*6% sodium chloride solution and it< 
insolubility in the solvents which dissolve the other pigments. l\ 
is milch less stable than either h Hi cyan in or indigotin. At presenl 
it is only possible to state that it is a complex formed by a bint : 
substance and globulin. It has been found in morij of the serani' 
examined, hut in very small amounts. W. G, 

Concentration of Antitoxic Sera by the Salting Out ol 
the Heat-denaturated Serum Proteins with Sodium 
Chloride. Annie Homer (Biocherti. J., 1918, 12, 190—209).- 
The concentration of antitoxic sera can be successfully conduckil 
by a regulation of the he at- denature tion of the serum proteins, 
followed by a direct treatment of the heated sera with brine ani 
salt. The end-products thus obtained are clear and readily filkr- 
able, as they do not contain the colloidal suspension of 
denaturated protein which is so often found in those resulting 
from methods involving the use of ammonium sulphate. Tie 
method does not- effect the removal of as great a proportion of j 
serum proteins as the Banzhaf and Homer methods (this vot. 
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• 138 ), and the degree of concentration of antitoxin in the end- 
uroduct is also lower than can be obtained by the former methods. 

H. W. B. 

Uric Acid Metabolwm. I. The Influence of High 
protein Diets on the Elimination of Endogenous Uric Acid. 

Howard B. Lewis and EGwasd A. Doisy {J, Biol Ghem,^ 1918, 
36, 1—7). — No difference is observed in the amount of uric acid 
excreted by two men maintained for successive periods on purine- 
free high protein diets containing (a) much arginine and histidine, 
and (&) little of these amino-acids. This result does not appear to 
be in harmony with the conclusions drawn by Ackroyd and Hopkins 
(A., 1917, i, 237) from their experiments, namely, that arginine and 
histidine constitute th® raw material for the synthesis of the purine 
ring in the animal body. H. W. B. 

Uric Acid Metabolism. II. Proteins and Amino- 
acids as Factors in the Stimulation of Endogenous Uiic 
Acid Metabolism. Howard B. Lewis, Max S. Dunk, and 
Edward A. Dotst (/. Biol. Chem.^ 1918, 36, 9 — 2 G. Compare 
this vol., i, 277). — A full account of work previously published, 

H. W. B. 

Role of Inorganic Sulphates in Nutrition. Amy Ta 

Daniels and Jean K. Rich (J. Biol. Chem., 1918, 36, 27 — 32). 
--The addition of inorganic sulphates to the diet of young rats 
(ioes not increase the rate of growth, even Y;ben the diet is deficieut 
in cystine. These animals are apparently unable to synthesise 
cystine from inorganic sulphates. . H, W. B. 

Biochemical Mechanism of Growth. The Efiect of 
Sodium and Calcium Ions on the Growth of a Trans- 
plantable Mouse Carcinoma. Wit.liam Cuameu {Biochem, J., 
1918, 12, 210 — 220). — When the cells of a transplantable mouse 
carcinoma are placed in an isosmotic solution of calcium chloride, 
they lose water, and on subsequent transplantation show a much 
slower rate of growth than is exhibited by similar cells transplanted 
without any such treatment. Both the inhibition of growth and 
the loss of water produced by calcium ions can be antagonised by 
a subsequent suspension of the cells in sodium chloride solution, 
This inhibition of growth produced experimentally, and the sub- 
sequent recovery from it, present a similarity to the spontaneous 
fluctuations in growth which are exhibited normally by tumoUr 
cells in the course of their propagation. The hearing of these 
results on the question of the possibility of the discovery of a cure 
for cancer is discussed. H. W. B. 

Role of the Liver in Hippuric Acid Synthesis. E. 

Lackner, a. Levinson, and Withrow Morse (Biochem. J 1918, 
12, 184 — 189), — The injection into dogs of hydrazine sulphate, 
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which, poisons the liver without interfering with the functions of 
the kidney, appears to inhibit the subsequent formation of hippufig 
acid from administered sodium benzoate. In dogs, therefore, as 
in rabbits, the liver seems to participate in the synthesis of hippm*]^ 
acid (compare Kingsbury and Bell, A., 1915, i, 739), H. W. B, 


Thyroid Hormone and its Relation to the other 
Ductless Glands, E. C. Kexdall {Endocrinology, 1918, 2, 
81—93. Compare A., 1917, i, 364).— The name thyroxin (froin 
thyro-oxydndole) is suggested for the active principle of the thyroid 
gland. Tt has the constitution I. In the alkaline body fluids it 
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is considered to occur in the hydrated condition (II). An adult 
has a total amount of 23—50 mg. A dose of ^ mg. increases the 
basal metabolic rate by 1%, or a dose of 10 rag. by 30%. The 
synthesis of a small quantity is stated to have been effected by the 
author's collaborator, Osterberg. G. B. 


Arginase. V. Presence of Arginase in the Organism 
ol certain Invertebrates. A. Clementi {Atti U. Acad 
Lined, 1918, [v], 27, i. 299 — 302). — The author's previous results 
render it of interest to ascertaiu if arginase exists in the organiau 
of invertebrates, and if in the latter any relation is detectahk 
between arginase and the type of the nitrogenous exchange. 
The work now described shows that this enzyme is absent from the 
aqueous extracts of the hepato-pancreas of fluvi-atilifi and 

of the larvae of thermites, but that it is present in the hepato- 
pancreas of Helix pomotia. T. H. P. 

Hydrolysis of the Cocoon-silk of the Bivoltine Species 
“ Daiwanishiki*' (the Authum Breed), and of Sericine 
separated from the same Silk. Ryugo Inoye and Katsc 
Hirasawa (/. Tokyo Chem. Soc., 1918, 39, 300— 320).— Cocoon 
silk, cultivated in the TJeda College of Sericulture in middle Japan, 
was hydrolysed, and the following percentages of amino-acids, 
calculated on the dry silk, were obtained by the ester method, 
glycine 25*42, alanine 22'58, leucine 0*62, aspartic amd Oil. 
glutamic acid trace, proline 0-32, serine 2*77, phenylalanine 0‘2o. 
and tyrosine 5*68. The cocoon silk contain^ 24*2% of sericinc- 
and this on hydrolysis yielded; glycine 3*86%, alanine S'R/o- 
leucine 0*39%, aspartic acid 3*91%, glutamic acid 0*81%, probn^ 
0*35%, serine 5*89%, phenylalanine 0*49%, and tyrosine 3*18%. 

The author draws the conclusion that the amino- acids contaif*^ 
in the silk of the bivoltine species seem to be quite similar lu 
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ajuoUDb and nature to those of the monovoltine species, but the 
^ericin® separated from the silk of the bivoltine species has a 
chemical coustitutiou somewhat different from that of the mono- 
\^oltine species^ which have been investigated previously ; that there 
is a difference is in agreement with the fact that the cocoons of the 
former species can be more easily reeled than those of the latter. 

S. H. 

Cholesterol in Milk. W. Denis and A. S. Minot [J. Bwl. 
{'hem., 1918, 36, 59— 61).— Cow's milk contains from 10 to 18 mg. 
of cholesterol per 100 c.c. of milk. The corresponding figures for 
human milk range between 10 and 40. The amount of cholesterol 
in the milk appears to be determined by the amount in the food. 

H. W. B. 

Detection, Estimation, and Elimination of Arsenic and 
Mercury in Urine. Paul Duret {CompL mid. Soc. BioL, 
1918, 81, 736 — 737, 739). — In both cases, organic matter is 

destroyed by ammonium persulphate in sulphuric acid solution 
(compare this vol., ii, 335). Arsenic is estimated by converting it 
into arsenic trihydiide and passing into silver nitrate ; the reduced 
silver is estimated with potassium cyanide. Mercury is precipitated 
with ammoma, converted into the hydrochloride, and tested qualita- 
tively in ethereal solution with diphenylcarb azide (blue colora- 
tion), and estimated with standard solutious of potassium cyanide 
and silver nitrate. After novarseuobenzol " (ueo-salvarsan), 
arsenic appears in the urine in the first twenty-four hours, and 
may persist for twenty days. The greatest amount eliminated was 
12 mg. of arsenic iu twenty-four hours after a dose of 900 mg. 
novarsenobenzol containing 190 mg, of metallic arsenic. The 
elimination is most rapid in the first forty-eight hours, and gener- 
ally falls after four days to 1 mg. per twenty-four hours. Ten mg. 
per twenty-four hours is about the maximum with which the 
kidneys can deal. In a course of four injections at intervals of a 
week, scarcely one-fifth of the arsenic is eliminated. 

Mercury appears in the urine in small quantities in the first 
twenty-four hours after injection. G. B. 

Creatine Excretion in Ruminants. John Boyd Orr 
(BiQch-"m. 7,, 1918, 12, 221 — 230). — The amount of creatine 
excioted by a goat or a sheep is relatively large, and is inversely 
proportional to the amount of carbohydrate in the diet. Cessation 
of lactation causes a decrease in the amount of creatine excreted. 
The author advocates the view that creatine is formed in relatively 
large quantities from a substance other than protein and that its 
utilisation is intimately connected with the metabolism of carbo- 
-hydrate. H. W. B. 

Vitamine Studies, I. The Catalase Activity of the 
Tissues in Avian Polyneuritis. K. Adams Butcher [with 
Ferdinand A. CollatzJ {J. Biol Chem., 1918, 36. Tbc 
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without imp^ring ii& antiscorbutic qualities (see preceding 
abstract) indicates that the antiscorbutic power of orange juioe 
/^Djiot be due to the laxative action of its constituent citrates, as 
coEtended by McCollum and Pitz (A., 1917, i, 604). Experi- 
jjjents are now described which prove that lactose and other carbo- 
iydrates do not possess the slightest antiscorbutic power, and the 
contrary results obtained by Pitz (J, Biol. Chem., 1918, 33, 471) 
are shown to be due to the considerable amounts of fresh milk 
^cconpare Chick, Hume, and Skelton, this vol., i, 360) instead of 
the carbohydrates in the diets employed by that worker. The 
authors draw the conclusion that scurvy in the guinea-pig does not 
arise through the absorption of toxins consequent, to constipation 
ill the intestine, but is due to the deficiency of a necessary 
accessory factor in the diet. H. W. B. 

Genesis of Thiocyanic Ac;d in Animals, III. SEiiAFiso 
Dezani {Arch. /am. sper. sci. ajf., 1917, 24, 189—207; from 
Physiol • Abstr.f 1918, 3, 309. Compare this vol., i, 360). — After 
giviug acetonitrile to dogs in toxic doses, hydrocyanic acid appeared 
ui the urine. This transformation could not be brought about by 
organ (liver) infusions. Neither hydrocyanic nor thiocyauic acid 
was excreted after ingestion of purines and amino -acids. 

E. W. B. 

Pharmacology of ths Hydroxyhydroaromatic Compounds. 

y. Sasaki and K. Okushima {Acta Schol. Med. Kyoto, 1918, 2, 
257—270; from Physiol. Ahstr., 1918, 3, 335. Compare Sasaki, 
A., 1917, i, 677). — The toxicity of these compounds towards frogs, 
as towards mammals (Zoc. dt.), diminishes as the number of 
hydroxyl radicles increases. When, however, the effects on separate 
organs are ascertained, some departures from the main generalisa- 
tion are found. Paralysis of motor nerve-endings occurs only with 
cycZohexanol and f -inositol. cycZoHexanol exerts a paralysing 
action on muscle, whilst Z-iuositol shows first excitation and later 
paralysis. Phloroglucinol produces only excitatory effects on the 
heart; i-inositol causes slowing and irregularity of cardiac contrac- 
tions, whilst cycZohexanol causes weakening of systole, 

'H. W. B. 

Pharmacology of the Vitamines. H. Fk. Uhlmann 
{Ar-ihch. Bid., 1918, 68, 457—498. Compare this vol., i, 419).— 
The action of vitamine preparations from various sources (orypan, 
e.xtracts of oats, nettles, blood, etc.) on animal tissues is closely 
paralleled by the actions of pilocarpine and choline. The intes- 
tinal muscles are caused to contract, the action of the heart is 
depressed, the blood pressure is lowered, and the blood vessels 
dilated exactly as occurs when the respective tissues are treated 
with pilocarpine. Moreover, the action of the vitamine, like that 
of pilocarpine or choline, is antagonised by atropine. The con- 
'lusiou previously drawn by the author is therefore confirmed, 
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namely, that the antineuritio' vitamine is a substance phy&iolo&i 
ally closely related to pilocarpine, which acts on the sympatheti 
nerve-endings and thus exerts a controlling influence on the (on/ 
of the muscles in the organism. H. W. B ' 


Chemistry of Vegetable Physiology and Agriculture. 


Antiseptic Properties of certain Organic Compouadfi. 

I. J. Kligleh (Froc. Soc. Amer, Bacteriologi&U, Ahstr, BacUrld. 
1918, 2, 19; from Fhynol. Abstr.^ 1918, 3, 350, Compare this 
vol., i, 469). — ^The composition and the degree of acidity of th< 
medium exert a marked influence on the antiseptic properties oi 
aniline and its derivatives. The higher the concentrations of 
organic nitrogenous compounds in the medium, the lower is the 
effective concentration of the antiseptic. H. W. B. 

Theory and Practice of Disinfection by Alcohol. Jofjanm 
Christiansen [Zeitsch. physiol. Chem.^ 1918, 102, 275—305).- 
The disinfecting power of an alcohol depends not only on its ability 
to precipitate the proteins of bacteria, but on its capacity to 
penetrate the cell walls, and thus exert its action on the proto- 
plasm of the bacteria. The latter quality is dependent on the 
surface tension of the alcohol. Propyl alcohol seems to be the 
most suitable of all the alcohols for direct application to the skin 
as a means of disinfection prior to surgical operation. Its toxicity 
is considerably greater than that of ethyl alcohol, and on account 
of its dissolving power over fats, it is able to enter readily the 
pores of the skin. H. W. B, 

Yeast Growth. Arthur Slatok (Biockevi, 1918, 12, 
248 — 258). — The author describes a method of measuring rates of 
growth of yeast cells by direct observation under the microscope. 

When old yeast cells are introduced into a fresh medium, they 
remain quiescent for some time (lag). They then start growing at 
the normal unrestricted rate, and subsequent growth proceeds 
normally in alternate periods of rest and growth. Carbon dioxide 
retards growth. Air (oxygen) is essential for yeast growth; oxygen, 
chemically combined in the medium, as well as dissolved oxygen, 
may be utilised by the yeast. [See, further, J . Soc, (7Aew. ■ 
746a.] H. W. B. 
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Spark and Arc Spectra of Gallium, Indium, and Zinc. 

j,. M. Dennis and J. Allington Bridgman (/, A mtr. Chem. Soe., 
1918 , 40; 1531— 1561) —See this vol., ii, 456. 

Absorption Spectra of the Blue Solutions of certain 
A lkali and Alkaline Barth Metals in Li^id Aixunonia and 
in Jdethylamine. G. E. Gibson and W. L, Ahgo {J. Avier. Chcm. 
Sac., 1918, 40 , 1327—1361. Compare Physical Rev., [N.S.J, 1916, 
7 , 33 ). —In a previous paper {loc. cit.), it was shown that dilute 
solutions of sodium and magnesium in liquid ammonia had identical 
absorption spectra. The similarity was explained as due to the 
dissociation of the metal atoms into electrons partly combined with 
the solvent, and into cations which are also present in liquid 
ammonia solutions of salts of the metal. The present paper con- 
uma an account of further work on the same subject. The absorp- 
tion spectra of solutions of lithium, potassium, and calcium in 
liquid ammonia, and of lithium, sodium, potassium, csesium, and 
calcium in methylamine, have been measured. With the possible 
exception of calcium, the solutions in liquid ammonia have the same 
absorption spectra as those previously measured. In methylamine, 
the absorption spectra are entirely different from those in liquid 
ammonia, a marked absorption maximum appearing which is absent 
iu liquid ammonia solutions. The maximum lies at 650 /ift, and 
is independent of the nature of the metal. In liquid ammonia, the 
absorption index is independent of temperature, but in methyl- 
amine a marked negative temperature coefficient is observed in 
svery case examined, the absorption index diminishing approxim- 
ately 1% for a rise of 1°. In liquid ammonia, the absorption index 
is proportional to the total concentration of the metal. In methyl - 
amine, the same is true at the position of the band maximum, but 
at shorter wave-lengths deviations are observed, the absorption 
■Dcr easing more rapidly than Beer^s law demands with increase in 
;he concentration. The ratio of the absorption index at 650 p/x to 
;hat at 530 /xju, increases nob only with increasing concentration ot 
/he metal, but also with increasing concentration of the reaction 
jroduct of the metal with methylamine, and probably also with 
ncreasing temperature. The experimental results are explained 
the following hypothesis, The colour iu all cases is due to 
dectrons combined with the solvent. In ammonia, the dissocia- 
dou of the metal into electrons is nearly complete, and the cou- 
ientration of electrons uncombined with solvent is negligible com- 
pared with that of the solvate electrons. In methylamine, the con- 
‘eiitratiou of un -ionised metal is no longer negligible, and is 
;espousible for the increased absorption at the shorter wave-lengths; 
dirther, the solvation of the electrons in methylamine is incom- 
plete and diminishes as the temperature is increased. J. F. S. 
voi, cxiv. ii. * 20 
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Determination oi the Constitution of Coloured Substances 
from their Absorption Spectra. F. Kehrmann and MAirme, 
Sandoz {Helv, Chim. ‘'Acta, 1918, 1, 270 — 277). — A resume o 
work previously published on the relationships between colour au. 
constitution. J. p. 

Absorption oi Lig^ht and Size of Particles in Dispersi 
Systems, Nils. E. Pihlblad {Inaug. Diss,, Upsala, 1918, pp. 
from Chem. Zentr., 1918, ii, 92 — 93). — Mainly an account of worl 
which has been published previously (A-, 1999, ii, 277, 561, 123 
1910, ii, 946; 1913, ii, 2; 1917, ii, 557). Spectrophotometri 
observations of a silver hydr&ol with very small particles siav 
that the absorption increases towards the region of shorter wave 
l^gth, and that the maximum is not attained at 400 
with larger particles, the maximum lies in the blue-green aa 
passes finally into the yellow region. All the silver hydrosol 
investigated have a second, better marked maximum in the ultra 
violet. 

A colloidal solution of Butter-yellow ,0 was obtained by addiu; 
water to an alcoholic solution of the dye, the size of the particle 
being controlled by varying the concentration of the alcoholic solu 
tion. As the size of the particles decreases, the absorptioi 
approximates to that of a molecular solution. H. W, 


The Stratificatiou of Liquid Layers. Jean Pekrin (.bui 
Physique, 1918, [ix], 10, 160 — 184). — A repetition and exteusio] 
of Johonnott's work (compare Phil. Mag., 1906, 751) on the ' blad 
spots in the films of soap bubbles. The author shows that tt 
number of these coloured regions of uniform thickness may becom 
very great after the addition of colouring matters, such as urarii 
or sesculin, the soap films assuming a stratified structure. Ligli 
favours the evolution of the film, the particular portion of tL 
spectrum which is most active being that which is absorbed by th 
colouring material in the film. Similarly, r^ise in temperature 
favours the stratification. Stratification can also be observed in 


the films from “soapy” water obtained with rosin. The author 
suggests a method for enumerating these coloured areas, and shores 
that their number is independent of the substances added to th 
water (soap or rosin). In a stratified liquid film, the thickness oi 
each area is a whole multiple of an elementary thickness of about 
5 millimicrons. 


Fluorescence. Jean Perrin (Ann. Physique, 1918, [ix], 

133 — 159). — A theoretical discussion of the subject. The emission 
of fluorescence implies the destruction of the fluorescent substance, 
and it is probably only at this moment of destruction that t e 
molecules are fluorescent. Variations of temperature and viscosity 
do not exert any marked influence on the fluorescence of 
substance. This molecular fluorescence resembles in charactei 
atomic fluorescence or phosphorescence excited by the cathode 
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01 ’ y-rays iji iiiorgauic substauces, i'ii© oplimmii 

^Qj^centrS'tioii giving the inaxiinuin iiuoreseence depends on the 
thickness of the liquid layer studied, but is m all cases less than 
Beyond a certain dilution, the lluoresceiice of a given mass 
reinaius constant, the fluorescent power thus having a well-defined 
limiting value. Each traiisformaliou oi a. fluorogcn molecule causes 
the emission of a quantity of light independent of the exciting 
illuDiination and of the concentration, and a formula is given for 
the calculation of the energy radiated by fluorescence. Vv . G. 

CrystaUofumiiiescence. Haruy^ 13. ^Veiskr (/. Dujaical 
Chem.i 1918, 22, 480 — 509), — After an historical survey of the 
work done on this subject, the author describes a series of experi- 
jueiits on sodium chloride, potassium chloride, potassium bromide, 
potassium iodide, sodium bromide, and sodium iodide. The eflects 
are produced by precipitating the salts in question by means of 
alcohol, and in the case of all but sodium iodide with the corre- 
jpoading halogen acid of various concentrations. The effect of 
modifying the conditions, by stirring during precipitation, varying 
the temperature, and increasing the viscosity of the solution by 
the addition of a colloid (gelatin) and by the addition of a non- 
electrolyte (sucrose), is also studied. It is shown that crystallo- 
lumiaescence is caused by chemical action. It is also probable that 
all cases of tribolumiuescence are due to chemical action. The 
luminescent reaction is probably identically the same in the case 
of substances that show both crystalloluminescence and tribolumiii- 
escence; the only difference is in the actual way in which the reac- 
tion is brought about. The specific reaction which produces 
crystalloluminescence of the alkali haloids is the recombination of 
the ions with the formation of non-dissociated salt. In the salts 
mentioned above, crystalloluminescence was observed in every case 
save those of sodium bromide and iodide, and in every case the 
conditions were determined for obtaining the maximum effect. 
The maximum intensity of the crystalloluminescence results under 
conditions which favour the accuniulation throughout the solution 
of the largest possible concentration of ions in excess of the equil- 
ibrium concentration of ions and allow the luminescent reaction, 
once started, to go rapidly to completion. The actual conditions 
differ with different salts. The crysfcallohimir>escence of sodium 
chloride is bluish-white in colour, and not white as stated by 
Bandrowski (A., 1895, ii, 66). The colour of the luminescence pro- 
duced when sodium is burned slowly in air is similar to, but 
slightly bluer- than, the crystalloluminescence of sodium chloride. 
The difference is due to the specific effect of the anion. J. F. S. 

Some Properties of the Active Deposit of Radium. S. 

Hatker (PkiL Mag., 1918, [vi], 36, 397— -405). — The phenomenon 

the spreading of the active deposit of radium after deposition on 

disk, as though the deposit was slightly volatile, has been investi- 
gated, and some remarkable results have been obtained, without 

20-2 
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dibcloBing the nature of the phenomenon, but revealing a grave 
source of ferror in certain investigations. A disk was mounted iu 
air opposite the plate coated with the active deposit and charged 
a high potential, positively to the plate, to prevent recoil pheno- 
mena when radium-i was present. It always acquired some of the 
same active deposit as that on the plate. Washing or slightly heat- 
iii" the plate reduces the loss of active deposit from it enormously, 
wlieu the plate is only exposed to the emanation for a short time, 
in order to coat it with the active deposit, the proportion of active 
deposit it loses is much increased. A plate exposed^ to the eman- 
ation for a fraction of a second loses as much radium-A as if ex- 
posed for several minutes, and for these very short exposures, the 
amount of radium-A lost is comparable with the amount of 
radium-5 lost by recoil. For radium-il -p-C, from O'l to 0 04% h 
given up, sufficient except in special circumstances to mask the 

recoil of radium-CV .-.l f r 

In certain cases, the time m which the quantity of active matter 
reaching the disk per unit of time fails to half -value was foiiiMl. 
For radium-1 the results were most regular, the time always bciiij 
1-4 minutes If the quantity lost were proportional to the quantity 
of active matter present on the disk, this time should, of course, 
have been three minutes. Exposing the active deposit to a videiit 
stream of gas from a cylinder at 80 atmospheres did not redum 
appreciably the subsequent loss of active matter, and the physical 
and chemi^l conditions of the surface on which the active depcot 
had been formed had no influence. t. i>. 

The Measurement of the Radium in the 

Atmos'pliere. Josef Olujic {Jahrh. Radtoahttv, Elehtronik, 19h, 

15 158 193) — A simplified method of determining the amount 

of radium emanation in the atmosphere by condensation with liquid 
air is described, and the results of measurements 
several years, both by absorption and condensation mfhods, gnen^ 
A oonnJxion’has been traced in Freiburg (Switeerland) baton 
amount of the radium emanation m the atmosphere and W 
meteorological conditions. The 

to be 131x10"^® curie per c.c. With a maximum of 
minimum of 54, results somewhat higher than these have been ou 
by numerous other investigators in various localities. 

The Radium Content of Water from 

T R Weight and G. W. Heise (Philippine J. h«., , 

m 49-56).-Teet3 on a single large sample of sea-wato, cob H 

from a depth of 2 metres in the <> 1 *“ ^ea 8 ^ ti„„ 

entrance to Manila Bay, were “‘‘d* ^be 

method comparatively against a standard radium s t ,, 

iiieen of th^e determinations gave !t .netbri 

gram of radium per litre, whereas a tet by \ jont 

gave a value only one-half of this. These values are muc 
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than those found by other investigators for sea-water from other 
localities. F. S. 

Radioactivity of Italian Minerals. L. Francksconi, N. 
Granata, a. Nieddu, and G. Angelino (Gazzetta, 1918, 48, i, 
112 — 113).— Of a number of Italian minerals from different locali- 
ties. the following are found to be radioactive; py'romorphite, the 
radioactivity of which varies with the physical characters, especially 
vfith the colour; wulfenite and chrysocolla. Certain minerals of 
lead are found to retard the discharge of the electroscope. Radio- 
activity has also been observed with malachite from Carrisal (Chile) 
and with galena (with litharge) from Biokaha (Argentine). 

T. H. P. 


Knowledge and Interpretation of Isotopic Varieties of 
Iiead. K. Fajans {Zeiisch. Elektrochem., 1918, 24, 1G3— 1G9).— 
Id conjunction with A. Nadai and F, Richter, lead was separated 
from a Norwegian thorite from LangesuncIGord. analysing 30-1% 
thorium. 0'45% uranium, and 0-35% lead, in which the thorium to 
uranium ratio is 75, and for which the atomic weight of lead, if 
derived wholly from the uranium and thorium, should be between 
207 '97 and 208*00. The atomic weight of this lead was found by 
0, Honigschmid to be 207*90 ±0*013, which is the highest value 
yet experimentally found, that prepared from Ceylon thorite, with 
the thorium to uranium ratio 55, by Sod cl y. having the atomic 
weight 207*77. The small difference between the experimental and 
calculated values, if significant arid due to the thorium lead not 
being completely stable, shows that the half-}ipr'ind nf the thorium 
lead mu.st be nt- VI x 10^ years. 

The question is discussed whether, in the various kinds of lead 
having atomic weights between 20 G and 208, there are other isotopes 
than those derived from uranium and thorium, and espeoiallv 
whether common lead, with atomic weight 207' 2. is a mixture of 
these isotopes or a third distinct isotope. Tf uranium minerals 

of the same geological age are compared, the ratio p’j^ /u should 

be constant, and if the variation of the atomic weight of the lead 
above the value 206*0 is due to the admixture of common lead 

^ the )3-activity of the lead, which is due to Ra-/)-V'/?, and 


which 


IS a measure of the 


•jtiti'n 

PI) 


U ratio, should decrease as the 


atomic weight of the lead increases. Three specimens of lead from 
Joachim sthal pitohblende, the atomic weights of which were 
I 206-405, II 206*61, III 206*73, were found to possess j8-activity, 
calculated hack to the time of the separation of the lead from the 
mineral, in the ratio 1:0*639:0*55. It is shown that these figures 
m fair agreement with the view that the lead is a mixture of 
tbe uranium isotope with common lead, and there are no grounds 
w assuming the existence of more than three isotopes, uranium 
^d 206*0, thorium lead 208*0, and common lead 207*2, F. S. 
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The Refractive Index and SohibilHies of the Nitrates q| 
Lead Isotopes. Theodore W. Richards and Walter c 
ScHUMB (/. Amer, CJiem. Soc., 1918, 40, 1403— 1409) --.Xhe 

nitrates of lead chosen were (1) from “test-lead” free from f;i!ver 
and tin, and (2) from pure Australian uranio-lead nitrate (com. 
pare Richards and Hall, A.,' 1917, ii, 230) containing lead of 
atomic weight 206 '42. The refractive indices, determined tv 
means of the Abbe crystal refractometer, using a solution of 
sulphur in methylene iodide of refractive index 1’79 as the medium 
between the face of the crystal and that of the glass prism of the 
refractometer, proved to be 1-7814 for each at about 20° no 
systematic difference between the individual measurements beiair’ 
detected. The solubilities were determined at 25*02°, after twenty^ 
four hours’ shaking in the thermostat, by weighing the filtered 
solution, then evaporating with sulphuric acid, and heating the 
lead sulphate to constant weight at 350°. The following table 
"gives the results: 


Common 

lead. 

Grams PbfNOd ’per 100 grams solution 37-S42 
Grams Pb(NO; per 100 grams water 59-597 

Grams Pb per 100 .grams water 37-281 

7vIoIal solubility per 1000 grams water 1-7993 


XJr^io- 

lead. per cent 
37-280 

59-439 0-2G 

37-130 0-41 

1-7991 - 


Thus no difference has been found in the refractive indices and 
molal solubilities, showing that, as in other cases, the wei^l;^ 
or mass of the two kinds of lead studied is their prime distiiigiiid!- 
ing feature. P. fi, 


The Ratio of Mesothorium to Thorium. Herbert Iv. 
McCoy and Lawrence M. Henderson (J. Amer, Ckem,. Soc., 19h, 
40, 1316 — 1326). — The convention applies throughout that "1 iiig:. 
of mesothorium” is the quantity of mesothoriuni-l + -2 in equil- 
ibrium which has a -/-ray activity equal to that of 1 mg. of radiim 
in equilibrium with its first four products. It further appears that 
the y-activity was measured through 2-03 mm. of lead-i-1'32 mm, 
of brass. The result of the research was that “1 mg. of me=o- 
thorium ” is in equilibrium with 19 kilograms of thorium in 
minerals, or 1 gram of thorium is in equilibrium vith 
0*524 X 10"* “mg. of mesothorium.” It is important to note that' 
the last ratio is only one-sixth as great as the ratio of radium to 
uranium, namely, 3*23x10"* mg. of radium for 1 gram oi 
uranium. 

The total y-activity of thorianite due to thorium, correcting for 
the absorption of the rays in the mineral and deducting that dne 
to the contained radium, was found to be equal to that of 1 mj- 
of radium for 6' 85 kilograms of thorium, in agreement with a 
former result by Eve, which indicates that 36-3% of the total 
y-activity of thorium is due to mesothorium and the remainm? 
63*7% to thorium-Z). 

The method followed, since it was not possible to separate 
sufficient of the minerals to determitie the y-rays of mesothorium 
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directly? to dotormine the ^activity of the niesothorium in 
arbitrary uiuts, and then the ratio of the jS^activity in these units 
to the y-activity in terms of that of a standard radium prepara- 
tion, for a specimen of pure mesothorium. 

The results for various minerals and various methods of separ- 
ating the mesothorium varied between 0-484 and 0-559 xlO-^ for 
the ratio in question, the mean value 0'524 x lO'"^ being taken, as 
already given. p. g. 

Xhe Electrical Conductivity of Acids and Bases in 
Aqueous Solutions. dsANENDRA. Chanuka Ghosh (T,, 1918, 1 13, 
; 9 (y— 799 ).~-Th 6 equation which the author has previously 
developed (compare this vol., ii, 215. 348), showing the relation 

between equivalent conductivity and diliitiotf, does not hold in 

the case of aqueous solutions of strong acids and strong bases, 
whereas it is found to be valid, for strong acids, in alcoholic solu- 
tions. It is well known that in aqueous solution the hydrc^en 
and hydroxyl ions possess abnormally large mobilities, and in ex- 
planation of this the author assumes that the electricity is partly 
carried by the ordinary process of convection and partly pro- 
pagated through water molecules undergoing alternate dissocia- 
tion and recombination. On this assumption, it would follow that 
the real ionic mobilities of hydrogen and hydroxyl ions are less 
{hail those usually calculated from experimental data. Assuming 
that in the case of an aqueous solution of hydrochloric acid, for 
example, the observed ratio of ^ot a real expression for 

the activity coefficient, it is deduced that the real mobility of the 
hydrogen ion, Uyj,, is given by the equation 
{] - a)U cv] j {I 0.) , where a is the activity coefficient and is 
given by the expression Pco “ +f^i) being' a 

constant independent of the dilution and expressing the con- 
ductivity due to the alternating dissociation and recombina- 
tion of the water molecules and constituent ions. The 
experimental data on the conductivity of acids must always yield 
the same values of (7| and as calculated from the above equa- 
tions, and this is shown to be the case for aqueous solutions of 
hydrochloric and nitric acids, the values being respectively 197 ‘8 
and 152*4 for the former acid and 198' 8 and 151=3 for the latter. 
In a similar manner, the value for found to be 109 in the 

case of potassium hydroxide, being 66. Using these values, 
(u- can he calculated for any dilution, and it is shown that the 
agreement between calculated and observed values is very close 
for aqueous solutions of hydrochloric, nitric, naphthalene-3- 
=ul phonic and toluei)e* 7 >-snl])horiic acids, and for potassium 
hydroxide, 

Based on the consideration that only free ioivv that is, ions which 
Ijy virtue of their kinetic energy can overcome the force of electro- 
'tatic attraction, have the capacity of regenerating undissociated 
Molecules, a modifi ed Ostwald equ aiion . {ax)’^ / (1. - •?:) V-K, is 
developed for weaker- electrolytes where the degree of dissociation 
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is less than one; x is the fraction of a gram-molecule of acid which 
has undergone dissodation into ions, and a is the activity co- 
efficient at the ionic concentration xjV. This e<iuation becomes? 
identical with. Ostwald^s dilution law for very weak electrolytes 
where a is always very nearly equal to one, and it is shown that 
it gives very concordant values for the equilibrium constant in the 
case of “ transition ” electrolytes, such as cyanoaoetic, o-nitrobenzoic 
dichloroacetic, 'and trichlorobutyric acids, where Ostwald's equation 
is not applicable. T. S. P, 

Planck’s Formula for the Potential Difierence between 
Solutions and the Values of certain Important Cells. 

H. A. Fales and W. C. Vosburgh (/. Amer, (Jhem. iSoc., 19], S, 
40, 1291 — 1316). — The Planck formula by which contact potentials 
may be calculated has been examined and tested against the 
measured contact potentials obtained by the authors according to 
a new plan, which is based on the absence of a contact potential 
between solutions of potassium chloride. It is shown that this 
fomula does not represent fact for the liquid junctions .2;*¥K0{~ 

I -0.3/1101 and rfKCl — O'di/HCl, where x ranges from 0-1--41. 
It is further shown that at 25° no contact potential exists between 
a saturated solution of potassium chloride (4- 13/) and liydrochlorii- 
acid solutions ranging in concentration from O’lil/— 1-03/. In an 
EM.F, combination having a contact potential as one of its com- 
ponent the diffusion across the liquid junction of the 

one liquid into the other brings about a decrease in the magnitude 
of the contact potential, and this decrease may amount to as mucli 
as one-tenth of the initial magnitude of the contact potential. 
For this reason, combinations having only very small or zero con- 
tact potentials should be used for precise measurement?. As the 
result of the measur^ent of some thirty combinations at 25°. the 
following values are given for the important half-elements, and an 
accuracy of ±0*0002 volt is claimed: Eg | HgCl | l'0i/KCli|0‘5648 
volt, Hg[HgCl|l'03/ECll[0*5567 volt, PtiH.(l atm.) 1 1-03/Ha;' 
0'2777 volt, Hg|HgCl|0-13/KC1110-6168 volt, Hg |HgCl |0-13/Ha^' 
0*6168 volt, and Pt|Ho(l atm.) |0'13/HC1||0*2179 volt. A new 
form of vessel in which to make calomel electrodes is described. 
This has the advantage that the liquid may be drawn off and re- 
placed without disturbing either the mercury or the electrode. 

J. F. S. 

Occlusion of Hydrogen and Oxygen by Metal Electrodes. 

Earle A. Harding and Donald P. Smith (/. Avier. Chem. Soc.. 
1918, 40, 1508 — 1531). — A continuation of work previously pub- 
lished (Smith and Martin, A., 1917, ii, 64) on the change of resist- 
ance of platinum wires brought about by the occlusion of hydrogen. 
In the present paper, the effects on resistance by the occlusion of 
oxygen and hydrogen in platinum, palladium, iron, and t-antalum 
wires have been studied, together with dimensional changes of tin* 
wires. The results confirm the conclusions put forward in 
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earlier paper. This conception is that hydrogen, when evolved 
electrolytically, enters the metal of the electrode in a transitional 
form in the cases in which the gas is largely occluded, and then 
Masses gradually into another form which has the opposite effect 
JjQ the resistance. Indications have been obtained that ther 
behaviour of oxygen is similar to that of hydrogen. The quantity 
of the transitional form present when continued Electrolysis has 
l0(i to a steady state of resistance is dependent on the current 
density. In the case of hydrogen, it may reach very high values, 
and the consequent diminution of electrical resistance is also large 
in the case of hydrogen, hut much smaller in that of oxygen when 
the current densities are the same. The transitional form of 
hvdrogen appears to be r^ponsible for the major part of the 
change of dimensions produced in palladium by electrolytic 
occlusion. In the more persistent, or '‘alloy form,’’ the hydrogen 
is firmly held by palladium up to a critical temperature, which has 
not been determined, but which probably lies not far from 300°. 

V this temperature, hydrogen begins to be evolved freely. 

j. r. s. 

The Replacement of Platinum in Apparatus for Electro 

lysis. Paul Nicolardot and Jean Boudkt {Bull Soc. chim.^ 
1918, [iv], 23, 387 — 391). — Alloys of gold and platinum containing 
from l‘2‘b — 25% of platinum were examined as to their suitability 
for use as electrodes under varying conditions, but it was found 
that they varied too much in weight during electrolysis in alkaline 
solution or in the presence of sulphides and sodium cyanide. The 
authors recommend the use of an alloy of gold, silver, and copper 
ifl the proportions 920:50:30, and coating the electrodes with a 
thin layer of platinum (0-005 gram per W. G. 

Electrolytic Potential of Alloys. Antimony-Bismuth, 
Lead-Thallium, ThaUium-Antimony. E. Bekilr {Chemik 
Fd&ki, 1917, 15, 119—131; from Chem. Zentr., 1918, i, 

1000 — 1001).— The measurement of the electrode potential was 
effected according to Poggendorf’s compensation method, The cells 
used were of the H-form; in one limb was placed the electroc e 
under investigation, in the other an electrode of the less 
metal Solutions of salts of the less noble metal were employed 
as electrolytes. , , 

System Bismulh-Antimoriy .—The electrolyte consis^ ot a 
saturated solution of potassium antimony 1 tartrate. The resu s 
show the existence of a continuous series of mixed crystals. 

System Thallium-Lecvi.—nectToljte, thallous chloride, solution. 
Mixed crystals are shown to be present. The region is, however, 
greater than that indicated by thermal analysis, and extends trom 
100 to 12% of lead; between 0 and 12% of lead, mixed crystals do 

not exist. , „ -j 

System Electrolyte, thallous ^londe. 

20 ’ 
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Equilibrium between electrode and electrolyte is rapidly attained 
except in the case of electrodes with high antimony content. 
Alloys containing 0—16*4% of antimony show the potential of 
thallium, and therefore contain the free element ; alloys correspond- 
-‘ing with the formulse SbTl^ and SbTig also contain free thallium 
Alloys containing between 16*49 and 90% of antimony show a 
constant potllitial, and thus contain a compound of the two 
elements. Alloys containing 90% or more of antimony show a 
rapid decline in potential, which points to the existence of mixed 
crystals of the compound and antimony. H. W. 

Measurement of the Velocity of Electro-osmosis. H. 

Glixelli (Chemik Polski, 1917, 15 , 111 — 118; from Ghem. Zentr., 
1918, i, 1107—1108. Compare Perrin, A., 1904, ii, 8).— The 
apparatus (see Fig.) consists of two parts connected by a ground 
joint, S. The diaphragm, which can be gelatinous or pulverulent, 
is placed in the tube between A and B. Experiments have shown 
that a diaphragm of moderately dilute silica gel can withstand 
slight hydrostatic pressure, so that a cotton-wool support is un- 
necessary. A large number of sub- 
stances may be used as diaphragm 
with the exception of certain sensi- 
tive gels, and of such as are in a 
condition of peptisation. The por- 
^ tions of the apparatus between A 
and and 5 and A, which connect 
Jf the diaphragm with the electrodes, 
the open tube 0, and the capillary 
tube with stopcock (7, are filled with 
the substance under investigation. 
The electrode vessels, T)J and EK, 
are completely filled with copper 
sulphate solution, into which the 
copper electrodes M and N dip 
The current is sent through the 
iion-polarisable electrode. The tube is fi^lled through F . When 
the electrode vessels have been filled, the diaphragm, which ha^ 
been repeatedly washed with the electrolyte under investigation, 
is introduced into AB. The solution under investigation is added 
through 0 and G, A ca})illary tube, P, serves to measure the 
volume of the liquid carried forward by the current. As soon a> 
the liquid has attained equilibrium in 0 and in the ineasurin:: 
tube, G is closed and A, B, X), and E are opened; the apparaiii>= 
is then ready for use. Electro- osmosis also occurs through the 
closed cofk 0, but to an extent which may be neglected. H. W. 

Significance of the Magnetic Susceptibility of Solutions. 
Nuclear State of Solutions. I. A, Quaetarolt {GazzeiM 
1918, 48 , i, 79— 101).— Further evidence is advanced (compa«t 
A,, 1916, ii, 413) confirmatory of the view that support for Weiss^ 
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luagueton theory canuot be obtained from data regarding dissolved 
i^alts. By means of the differential method devised for the estim- 
ation of magnetic salts in solution (this vol., ii, 458), and making 
use of a solution of nickel chloride, carefully freed from cobalt, aa 
standard solution, the author has measured the magnetic auscepti- 
Ijilities of various ferric, ferrous, manganese, cobalt, chromium^ 
sad copper salts at different dilutions. The results sW that, on 
the assumption that that of nickel chloride remains constant, in 
general the molecular susceptibility decreases slowly with increase 
of the dilutmu j it is, however, impossible by extrapolation to 
calculate a limit, since the diminution appears to become rather 
jnore rapid as dilution progresses. This holds true even, as is 
probably the case, if the molecular susceptibility of nickel chloride 
itself undergoes some diminution on dilution. 

The differential method referred to also allows of the alteration 
jf the susceptibility by centrifugation being detected in solutions 
sntainiug 1 part of ferric or manganese chloride or sulphate in 
oOOO parte of water, or 1 part of nickel chloride or sulphate per 
1000 parts of water. 

From the results obtained, the conclusion is drawn that there 
exists a discontinuity in the relation connecting the variation in 
concentration with the force tending to oppose such variation, an 
almost infinitesimal change of concentration counterbalancing 
appreciable definite forces acting to increase the change. It is 
sugg^ted that the state of solution represents a special “nuclear" 
condition, in which, although the characteristic external attributes 
of liquids are not lost, attractions emanating from the centre of 
the nuclei (molecules of solute) determine regions of greater 
rigidity. 

The explanation of various phenomena by means of this hypo- 
liosis is discussed. T. IT. P. 

Atomic Heat, Volume Elasticity, and Characteristic 
frequency of Monatomic Metals, A. L. Peknoulli (HeliK 
^ him. Acta, 1918, 1, 278 — 288), — A theoretical paper in which it 
IS shown that, on the assumption that the atoms or molecules are 
‘olid bodies which under the action of distant repulsive forces set 
'ip characteristic vibrations, Magdeburg and others were able to 
i'\oIve a quantitative relationship between the vibration number 
cubic compressibility, whilst, in apposition to this, 
f e Einstein equation shows that the work of compression only 
Increases the kinetic energy of rotation of the molecule, that is, it 
"Work against the repulsive molecular distant action, 
lit further assumption, this leads to a new proportion- 

^ y factor from this equation which gives a much better agree - 
lb?' value of the ultra-red characteristic vibration 

compressibility and that obtained from the 
pewnc heat, always assuming that the material is perfectly elastic. 

sl^own that the compressibility may be calculated from 
, a ues of the vibration numbers, and that for the metals 

' 20*^2 
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copper, aluminimn, and lead the divergence frc«n Dulong 
Petit’s law may be calculated from compressibility measurements ^ 
stated temperatures. J. p. g 

The Solid State. Ugo Pratolongo {Gazzetta, 1918, 49 ; 
193 — 237). — If a solid is regarded as a congeries of atomic syst^ 
which are in static equilibrium and in which the distribution » 
energy follows the laws defined by the doctrine of Gibbs, the auth® 
shows that it is possible to give a satisfactory representation of th 
solid and of its characteristic properties. The latter are divide 
into two groups; (1) Those which vary as a function of the moduinj 
of energetic distribution B in accordance with the reUtiot 
uj = nyphere u indicates one of the properties of tij 

group and ^ is the mean energy of the systems constituting th 
whole; this group comprises the specific heat, thermal conductivih, 
expansibility, and magnetic susceptibility. (2) The thermal radii, 
tion, electrical conductivity, and magnetic induction, which ai{ 
connected with variations of 0 by a relation expressed rigoroadi 
by Planck’s formula, r — 1) h or approximately h 

Rayleigh’s formula, 7 = + const., where t repr^ents one a' 

the properties of the group. 

The relation between the modulus of distribution $ and th 
temperature T or the magnetic field H is, for each of the propertis 
considered, one of simple equality. In the phenomena of 
radiation, electrical and thermal conductivity, and magneti: 
susceptibility, the relation 0 = 7 is found. In the case of specif 
heats, the relation has the form B - whilst with magnetic ind® 
tion it is expressed by B=R or according as the inductia 

is due to fields of high or low intensity. The reasons of such multr 
plicity of relations lies evidently in the intimate mechanism of tb 
energy exchanges between the atomic systems, but are as y« 
unknown. 

In each of the phenomena of the first group, considered sepr 
ately, there participate only those diatomic systems the energy J 
which has reached a critical value e; the latter is different fortb 


different physical phenomena and characteristic for every ator 
or molecular species, being connected with the atomic f requeue; 
according to a general relation. Between the limits of approxiE 
ation of the methods of investigation, the difference between tb 
mean atomic energy and the critical energy, (^ — e), which mayi)! 
termed the relative critical energy, appears to be proportional!.' 
the atomic frequency. 

As far as the available experimental data go, the curves rep^ 
senting the specific heats as a function of the temperature seeni ^ 
be grouped in two distinct types ; the fundamental difference tlic 
indicated is apparently related to the crystalline form. 

The phenomena of the second ^oup are functions of the 
content of the whole system considered. ^ j 

Still for the Continuous Preparation in QuantUy 
Water of High Purity. Hal W. Moseley and Rollijt G. 

(/. Amer. Ghem. Soc., 1918, 40 , 1409-1411).— The apparate 
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longists of two 5-litre, round -bottomed Pyrex glass flasks which are 
et at an angle of 60°. The flrst flask is fitted with a pressure 
ube, a supply tube, by means of which ordinary distilled water 
5 admitted, and an exit tube which leads to the bottom of the 
e(joiid flask. The second flask is fitted with a steam delivery 
ube and an exit tube which carries a trap. The exit tube of the 
econd flask is connected to a Findlay adapter, which in its turn 
g attached to a tin condenser. The water in the first flask con- 
ains 10% of potassium dichromate and 5% of sulphuric acid, whilst, 
bat in the second flask contains barium hydroxide. Both flasks are 
leated, and the apparatus is capable of furnishing continuously 
ibout a litre of very pure water in an hour. The stoppers used 
n the flasks are made of Portland cement, whereby the use of 
■ubber and cork is rendered unnecessary. J. F. S, 

TheSystem: Acetone-Ethyl Ether. Jitsusaburo Sameshima. 
[J. Amer. Chem. Soc.^ 1918, 40, 1482— 1503) .—The author has 
Jetermined the vapour density of ethyl ether and acetone by a 
ilightly modified form of Menzies' method at 25°, and finds that 
it this temperature both vapours are non-associated. The densi- 
)ies of mixtures of acetone and ethyl ether have been determined 
pver the whole range of composition 0—1 molecular fractions at 
^5 04°. Series of vapour pressure determinations of bihary mix- 
tures of the same substances and of the simple substances have 
been determined at 20° and 30°. It is shown that in liquid acetone 
the reaction SCsHgO — (0311^,0)3 takes place. The vapour 
pressure of the acetone-ethyl ether system, the heat of vaporisa- 
tion of acetone, the heat of mixing acetone and ethyl ether, and 
the volume contraction on mixing were calculated from the experi- 
mental data, and the values compared with directly observed 
results. The agreement is fairly good and affords confirmation ' of 
[keda's conclusions in connexion with quasi-ideal solutions (A., 
1908, ii, 932). j. p, s 

The System: Benzene-Carbon Disulphide. Jitsusaburo 
jdAMESHiifA (J. Amer. Cliem. Soc., 1918, 40, 1503 -1508).— A 
iseries of vapour pressure determinations of mixtures of benzene 
jand carbon disulphide has been carried out at 20°, 25°, and 30°, 
and the results plotted. From the results, the heat change 011 
nuxing and the change of free energy have been calculated for 
various mixtures at 25° J. F. S. 

Fractional Distillation Tube. W. G. Frikdbmann { J . Anipj , 
Chem. Soc., 1918, 40, 1411). — A fractional distillation column can 
he made by connecting together Kieldahl trap bulbs by means of 
rubber tubing. ' J. F. S. 

^^Wcal Temperature of Mercury. (Miss) Julie Bender 
{Phydkal. ZtiUch., 1918, 19, 410 — 414). — In continuation of 
^ork previously published (A., 1915, ii, 673), further constants of 
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mercury are now given. All experiments were carried out iu 
capillaries of quartz. A series of density determinations of 
and gaseous mercury have been made at a series of temperature? 
and the following values obtained : mercury vapour, D 07 at IOoqV 
175 at 1210°, 1*35 at 1230°, 1*65 at 1295°, I'QO at 1330°, and 
2 '50 at 1380°. These results imply that the critical temperature 
is above 1370°, a value considerably higher than that accepted h 
previous observers. As a first approximation, the value 200 
is given as the lower limit of the critical pressure. The density of ■ 
liquid mercury has been determined at high temperatures, and the 
following figures obtained: 500°, D 12*38 j 600°, D 12*10; 800' 
D 11*49; 900°, D 11*11; 1000°, D 10*67; 1100°, D 10'18; 1200^ 
D 9*57; 1300°, D 8*90. The emission of light of mercury has been 
examined; at 1270° the vapour emits no visible light, whilst the 
liquid emits a dazzling white light. Above 1270° the vapour space 
appears to be filled with weak blue light. From determinations 
of the light emission, it is shown that the temperature of mercurv 
vapour can he fairly accurately determined. The results given in 
this last section of the paper are of a preliminary nature. 

J. F. S. 

Adsorption of Gases on Plane Surfaces of Glass, Mica, 
and Platinum. Irving Langmuir (/. Amer. Chem. Soc., 1918. 
40, 1361 — 1403. Compare A,, 1917, ii, 19, 525). — The theory 
put forward previously (loc. cit.) is elaborated and discussed; it is 
shown that the theory demands that in typical cases of true adsorp- 
tion the adsorbed film should not exceed One molecule in thick- 
ness. This is contrary to the usual view, and the discrepancy is 
accounted for by the fact that in most cases porous bodies in whici 
the adsorbing surface is indeterminate have been used in the ex- 
periments, or saturated vapours have been used, so that condensa- 
tion of liquid took place in capillary spaces; also solution and 
absorption have been mistaken for adsorption. The mechanism of 
adsorption is discussed, and it is shown that the forces causing 
adsorption are typically chemical and exhibit all the differences in 
intensity characteristic of chemical forces. The adsorption of the 
permanent gases by solids involves only secondary, valencies, but 
a great many cases of adsorption by metals are caused by primary 
valencies. Under certain conditions, stoicheiometric relations 
should govern the amounts of gases adsorbed on saturated surfaces, 
These relationships often fail to hold, because of steric hindrance 
effects between the adsorbed molecules. Equations are developed 
which give the relation between the amount of adsorb^ gas and 
the pressure and other variables under various conditions. A 
number of experiments are described in which the amount of 
adsorption of nitrogen, methane, carbon monoxide, argon, oxygen. 
carbon dioxide, and hydrogen on surfaces of glass, mica, anc 
platinum has been determined at various temperatures and lo'f 
pressures (circa O’l mm, of mercUry). At the ordinary tempera ure. 
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the adsorption by mica and glass was negligible, lees than 1% of 
surface being covered by a single layer of molecules. At 
„1S3° and -118'^, relatively large amounts of gases were adsorbed, 
except in the case of hydrogen, and at higher pressures the surfaces 
tended to become saturated with the gas. The maximum quanti- 
ties adsorbed, even with saturated surfaces, were always somewhat 
less than, the amounts expected from a uuimolecular layer. The 
amounts of the different gases adsorbed by saturated surfaces of 
mica and glass were always in the order : hydrogen, oxygen, argon, 
nitrogen, carbon monoxide, methane, and carbon dioxide. The 
amounts adsorbed by mica and glass varied with pressure accord- 
mg to the equation N x tj — d;^-crjp/(l -r/xcr), in which N is the 
Avoffadro constant 6'06 x 10^ mois, per gram-mol., ij is the number 
of gram-molecules of gas absorbed per unit area of surface, $ is 
the fraction of the surface actually covered by ^.ds orbed molecules, 

is the number of molecules striking each cm. of surface per 
second, cr — ct/vi, where a is the fraction of the molecules which on 
striking the surface condense, and is the rate at which the gas 
would evaporate if the surface were entirely covered. The adsorp- 
tion of all the above gases is reversible. The phenomena observed 
with platinum are quite different. No adsorption of gases could 
be observed, even at —183°, until the platinum had been activated 
by heating to 300° in a mixture of hydrogen and oxygen at low 
pressure. After this activation, hydrogen and oxygen, or carbon 
monoxide and oxygen, reacted together readily at the ordinary 
temperature in contact with the platinum. The platinum was 
then found capable of adsorbing oxygen, hydrogen, or carbon mon- 
oxide. The maximum quantities of oxygen and carbon monoxide 
corresponded with unimolecular layers. The oxygen could not be 
driven off either by heat or by exhaustion. When the platinum 
was in contact with an excess of oxygen, the amount of oxygen 
adsorbed increased as the temperature was raised, but was 
reversible. Adsorbed carbon monoxide could not be removed by 
e.xhaustion at the ordinary temperature, but at 300°, part of it 
could be pumped off. When oxygen was brought into cx>ntact with 
carbon monoxide adsorbed on the platinum, it reacted rapidly to 
form carbon dioxide, which at the ordinary temperature showed 
no tendency to be adsorbed. In a similar way, carbon Vnonoxide 
brought into contact with adsorbed oxygen reacted immediately. 
These eases of adsorption are dearly due to primary valencies. 

J, F. S. 

[Chemical and Physical Theories of the Action of Toxins | 
Dyes, eted T. Kabber {Chen. Zeit.^ 1918, 42, 521 622). 
According to the physical theory (compare Traube, A., 1912, 
ii, 740), a toxin does not combine chemically with the substance 
{for example, albumin) on which it has an effect, but causes a 
precipitation or coagulation of tbe substance. The author is of 
opinion that thp action is purely chemical; in the experiments 
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described by Traube, tb© minute quantity of precipitant employ^] 
was still more than was required to precipitate the substances? a. 
chemical compounds. P. S. 

Molecular We^hts of Salts Dissolved in Urethane! g 

Bbuni (AUi R. Accctd. Lincei, 1918, [v], 27, i, 321 323; QazztUd 
1918, 48, ii, 39— 42).— Criticism of Stuckgold's results (this vol,’ 
ii, 99), some of which are erroneous and others inaccurately calcu- 
lated; the literature of the subject has been disregarded. For 
potassium iodide in urethane, Stuckgold s cryoscopic measurementi; 
gave values of 94 and 97 for the molecular weight, whereas the 
author finds values varying from 146*6 to 152'1, the mean being 
150'2; the degree of dissociation is hence a =0*10, and not 
0-71— 0-76. T. H. P, 


Osmotic Action of Solutions of Sucrose, Silver Nitrate, 
and Lithium Chloride in Pyridine, when separated from 
Pyridine by a Rubber Membrane. Alfred E. Koenk; [l 
Physical Chem., 1918, 22, 461— 479).— Osmotic pressure deter- 
minations have been made of solutions of sucrose, silver nitrate, 
and lithium chloride in pyridine, using a modified form of cell and 
a thin sheet of dental rubber as membrane. Solutions of concen- 
trations from 0‘2iV — 0'025A were used, and all measurements were 
made at 25'^. The osmotic pressure found for sucrose solutions 
was very near’ that demanded by the gas laws, but the values for 
silver nitrate and lithium chloride were much lower than those of 
sucrose of equal molecular concentration. It was found that, after 
having reached a maximum, the osmotic pressure decreased. This 
seemed to be due to an alteration in the nature of the rubber, due 


to its contact with pyridine, for membranes used a number «r 
times with fresh solutions did not give as high a pressure as tk 
unused rubber, whilst the same solution used several times with 
fresh rubber each time gave practically the same pressure in all 
measurements. This the author takes to be a substantiation of 
the statement of Kahlenberg, that the osmotic pressure developed 
by a given solution depends on the nature of the semipermeable 
membrane. 


Inbibition in the Diffusion of Salts into Colloids. 

Tetsxjtaro Tadokoro {J. Tokyo Chem. Soc., 1918, 39, 61—73). 
— It has been observed that the diffusion of a mixed salt solutioii 
into a colloid, such as gelatin, egg-white, and the expressed juices 
of plants, through a semipermeable membrane is^ opposed by soire 
inhibitory factor. The mixed salt solutions, which can coagulate 
these colloids, show that they are subjected to a considerable 
hindrance during diffusion. The cause of this phenomenon is 
sidered to be as follows : a new membrane is formed at the surfact 
of the colloid by the salts after they have diffused through tk 
semipermeable membrane; this new membrane then retards tJu 
further diffusion of the salts. 
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loflic Theory of SoUd Substances. A. L. Bernoulli 
Chim. AcIg, 1918, 1, ^ 289 29 6^ — A theoretical paper 
in which it is shown that the ion frequencies of solid substances 
may be calculated from the volume elasticity, compressibility, and 
wave-length of the absorption bands at low temperatures. 

J. F. S. 

The Development of Crystals. Rene Marcelin {A«w. 
Phpiq^^f 1918, [ix], 10, 185 — 188). — A microscopic study of the 
crystallisation of p-toluidine shows that the crystals develop, not 
at the base, but at the surface by successive depoeitions. The 
layers of material which are deposited maintain a perfectly uniform 
thickness, which may be as small as three molecular diameters. 
Similarly, when a crystal dissolves, the change goes on at the 
surface, the material disappearing by successive layers, each layer 
maintaining a constant thickness, and it is found that the material 
has a crystalline structure at a thickness of only twenty molecular 
diameters. W. G. 

Theory of Gel Structure. W. A. Osborne {Proc. Roy. Soc., 
Victoria, 1918, [N.S.], 30, 153—158; from Physiol. Ahstr,, 1918, 
3, 308).— The author discusses the question as to whether the more 
solid phase in a gelatin jelly has a crystalline structure or is trulv 
amorphous, and describes experiments on the shape of bubbles and 
on fracture, which, without being conclusive, indicate lack of 
sectorial character. Some experiments on the Struve-Baumstark 
phenomenon with gelatin gels are also described. This phenomenon 
concerns the extrusion of water from tissues, soaps, etc., on treat- 
ment with ether. A 2% gelatin jelly on immersion in ether 
extrudes water, but a 5% set jelly does not. The weaker jelly, is 
supposed by the author to hold part of the more liquid phase by 
capillarity in the lattice of the more solid phase, whereas in the 
stronger jelly the' water exists in solid solution in the substance of 
the framework. H. W, B. 

Structure of Gels. W. Bachmann [Kolloid 23, 

85—100). — After a fairly long historical introduction on the struc- 
ture of gels, the author describes a series of experimenis on the 
vapour pressure isothermals, the ultramicroscopic character, and 
the capillary radii of the gels of gelatin in alcohol and benzene. 
It is shown that these gels, apart from minor points, which affect 
the general character but little, and are based on the mechanical 
properties, present a far-reaching similarity in respect of the course 
and hysteresis cycles of their vapour pressure isothermals with the 
gols of silicic acid and other substances. The isothermals are in 
all cases huilt on a common type, which is approximately repre- 
sented by the silicic acid gel in water. This similarity points to a 
common cause as the reason for the processes which obviously take 
place in the same way, namely, lowering of the vapour pressure of 
l-be imbibition liquid by the action of capillarity in an amicro- 
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scopic capillary syatem. Such a similarity in behaviour during 
the filling with liquid and emptying can be foreseen from ZsitT 
mondy’g theory for all porous substances with fine capillaries and 
resisting walls if secondary chemical processes are ruled out. Thi< 
theory points to the structure of gels being that of a mass inter^ 
spers^ by a large number of fine capillaries. This type of 
hysteresis cycle must, if the theoiy is correct, be independent of 
the inhibition liquid and also of the gel material. These demand: 
are amply confirmed by the experimental results. The applica" 
tion of the capillary theory to hardened gelatin gels allows of an 
approximate calculation being made of the volume of the capil- 
laries. As a mean, it is shown that they are thirty to one hundred 
times smaller than the value put forward by Biitschli. It is algo 
shown that capillaries of the size indicated by Biitschli 
(700 — 800fi/i) can have no effect in the lowering of the vapour 
pressure. J. F. 8. 

Esterification in Aqueous Solution. Attilio PiRGom 
{Gazzetta, 1918, 48, ii, 54 — 62). — Experiments with alcohol and 
acetic acid show that in aqueous solution only slight esterification 
takes place, equilibrium being reached when about 1'2% of acetic 
acid is converted into the acetate. Scwiium chloride increases this 
proportion to 7% and hydrochloric or sulphuric acid to about 
The catalytic effect of both organic and inorganic acids on this 
reaction is in proportion to their degree of dissociation. Gallic 
and tannic acids, however, retard the esterification. Phenols also 
exhibit catalytic action on the reaction, picric acid being the most 
effective, w-, o-, and //-cresols then following in order. Dihydric 
phenols are less active catalysts than the moiiohydric, whilst the 
trihydric ones behave like gallic and tannic acids. T. E. P, 

Velocity of Hydrolysis of Esters of the Types 
0H-[CHJn’C02R', 0R-[CHa]„‘0*CQ -R, etc. M. H. Palomaa 
(Ann. Sci. Fennicae, 1914, [A], 6, No. 4, I — 23; from Chem. 
Zentr., 19l8, i, 1143 — 1144. Compare A., 1914, i, 136). — In con- 
nexion with the earlier investigations on the influence of the posi- 
tion of the oxygen atom in the chain on the velocity of hydrolysis 
of esters, the author has now determined the velocities of hydrolysis 
of the same series of substances in alkaline solution at 15^. Tie 
reaction appears to be bimolecular, and a table of constants i? 
given in the original. 

The velocity constants for alkaline solution are approximately 
parallel to the dissociation constants of the corresponding acids. 
A minimum velocity, as in the case of acid hydrolysis, is not 
observed. The molecular weight has little influence on the 
constants. H. W. 

Influence of Temperature and Constitution on 
Velocity of Hydrolysis of Esters by Hydrogen flonl Catalysis. 

Friedrich Btjrki (Helv. Ohim. Acta, 1918, 1, 231—250).— 
A large number of experiments have been carried out on the 
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hydrolysis of gators to ascertain (1) the influence of various acids. 
(2) the influence of concentration of the acid, (3) the influence of 
the constitution of the ester, and (4) the influence of temperature 
on the velocity of hydrolysis. Ihe catalytic action of hydrochloric 
acid, nitric acid, sulphuric acid, and phosphoric acid of various 
conoentrationa on the hydrolysis of ethyl acetate has been deter.- 
roined at 25°, 30°, and 40°. The hydrolysis of the following esters 
hy 0-liV-hydrochloric acid at 40° has been quantitatively deter- 
mined: methyl propionate, methyl n-butyrate, methyl a-chloro- 
propionate, methyl ordichloropropionate, allyl acetate, methyl 
crotonate, methyl fsocrotonate, ethyl malonate, ethyl oxalate, ethyl 
acetoacetate, and isoamyl formate. It is shown that the relative 
velocity of hydrolysis by means of hydrogen ions is the same for 
all esters over the range 25 — 40°. Quantitative measurements 
could not be carried out in the case of acetoacetic ester, for the 
free acid undergo^ the ketone decomposition at 40°. The catalytic 
action of the acids examined increases rapidly with increasing 
temperature. The increase is greatest with hydrochloric acid, 
somewhat smaller with nitric acid, and least with sulphuric acid. 
With a given concentration and temperature, the reaction proceeds 
most rapidly with nitric acid, somewhat less rapidly with hydro- 
chloric acid, and most slowly with sulphuric acid. The influence 
of the substitution of one chlorine atom in the acid of the ester 
produced in the only case examined, that of a-chloropropionic 
ester, a lowering in the velocity of hydrolysis of about two- thirds 
the value of the unsuhstituted ester. The introduction of two 
chlorine atoms brings the value up again to about five-sixths of 
the original value. The introduction of an unsaturated group 
into the alcohol produced no effect on the velocity of hydrolysis, 
whereas an unsaturated group in the acid greatly diminiehes the 
velocity. The velocity constants multiplied by 10® are as follows 
at 40°: ethyl acetate, 5629; allyl acetate, 4642; methyl propionate, 
6138; methyl a-chloropropionate, 2194; methyl a-dichloro- 
propionate, 5281 ; methyl butyrate, 3462 ; methyl crotonate, 221 ; 
methyl ?>ocrotonate, 985; ethyl malonate, 1158; fgoamyl formate, 
10,408, J. F. S. 

Dissociation Constants of Normal Acids and Esters of 
the Oxalic Acid Series. III. Efiect of the Snbstilntion of 
a Methylene Group by Bivalent Atoms and Radicles. 

M. H. Palomaa {Ann. Acad. Rci. Fennicae, 1917, [d], XO, No. 16, 
1—26; from Chem, Zentr.^ 1918, i, 1144. Compare A., 1913, 
i. 8). — Previous investigations have shown that the replacement of 
a methylene group in organic acids and esters by !0 or !CO 
increases certain affinity constants iu the homologous series 
felectrolytic dissociation constant, velocity of hydrolysis by alkali) 
and diminishes certain others, and that a minimum occurs with a 
certain position of the oxygen atom (velocity of hydrolysis by acid, 
velocity of esteriflcation) . The affinity minimum occurs when the 
oxygen is in the fl-poaition or in the poeition 1:4 — 5. The result 
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is explained by supposing that intramolecular ring formation 
occurs through the medium of the partial valency of the oxyg^iL 
This hypothesis has been tested with the methyl esters of tte 
oxalic acid series, which were dissolved in 50% methyl alcohol and 
hydrolysed with 0*05 mol. hydrochloric acid at 25°. Since the 
reaction leads to an equilibrium, the velocity of hydrolysis, as well 
as that of esterification, was determined. The results are ex- 
pressed in tables. The minimum occurs with compounds in which 
the formation of a 5- or B-membered ring is possible, as is demanded 
by the hypothesis. H. W. 

Neutral Salt Catalysis. 1. R61e of the Solvent in Neutral 
Salt Catalysis in Aqueous Solutions. Herbert B. Hakxed 
{J . Amer. Ghem. Soc., 1918, 40, 1461 — 1481). — A number of 
experiments on the accelerating effects of the chlorides of lithium, 
sodium, and potassium, in varying concentrations, on the iodine 
ion catalysis of hydrogen peroxide and on the hydrogen ion cata- 
lysis of methyl acetate are described . It is shown that the effects 
of the diSerent salts are roughly proportional to their ionic hydra 
tion values as determined by Washburn. This is also shown to 
be the case in the hydrochloric acid catalysis of acetochloroanilide. 
In some cases, the effects of different salts on the velocity of hydro- 
lysis of ethyl acetate are not proportional to the ionic hydration 
values, and reasons have been advanced to explain this abnormality. 
The chlorine ion activities up to a concentration 3A have been 
determined by measurement of cells of the type HglHgCl 
NaCl(0*lA)||NaCl(c)|HgCl|Hg. The relationship 
holds rigorously, where and A’g are the velocity consents of 
the decomposition of hydrogen peroxide in the presence of 
potassium iodide and potassium chloride, and potassium iodide- 
sodium chloride solutions, respectively, both being of the same 
normality, and Oj and Og are the chlorine ion activities of the 
potassium chloride and sodium chloride respectively. Eelation- 
ships are expressed between the hydration values of the ions of 
neutral salts on the reaction velocities in neutral solutions, and 
also on the activities of salt solutions. J. F. S. 

The Atom Model. Wilh. H.’Westphal. {Ber. deut. phyaihl 
Ges.^ 1918, 20, 88 — 92). — Polemical. In a short theoretical paper 
the author contests the objections to the Bohr atom model raised 
by Stark (this vol., ii, 141), J. F, S. 

Elements in Order of their Atomic Weights. Raymond 
SZYMANOWITZ {Chem, Nm^, 1918, 117, 339— 340).— It is found 
that if the elements are written down in order of their atomic 
weights, a definite numerical sequence is to be observed in 
the values of the atomic weights. Thus, if the first element tas 
an atomic weight of a;, the second will be a;-p3, the third aJ + 3-fl. 
the fourth jr + S-i-l-hS, and so on, adding alternately 3 and 1 to 
the preceding values. Of the 83 elements, 17 do not fall into 
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this arraugG^uieut, whilst th^ve are several gaps with no known 
element to fill them. It is pointed out that several of the elements 
which do not conform with the arrangement are little known rare 
elements, and that until 1918 these elements had atomic weights 
attrihuted to them \vhich conformed with the present scheme. 

J. F. S. 

Elements in Order of their Atomic Weights. F. il Loeing 
NcwSy 1918, 117, 352), The author points out that regu- 
larities of the type put forward by Szymanowitz (preceding 
abstract) have already been indicated, notably by Comstock (A., 
1908, ii, 477). j, F. g, 

Interfacial Tension and Complex Molecules. G. N. 

Antonoff {Phil. Mag., 1918, [vi], 36, 377— 39 6) .—A theoretical 
paper in which, from the modem conceptions of atoms and mole- 
cules, a theory of molecular attraction has been developed. This 
theory implies that molecular attraction depends on the same 
forces as chemical affinity. A relationship between surface tension 
and molecular pressure has also been deduced. The interfacial 
tension between two liquids is equal to the difference of the 
surface tensions against air (ai-Og) of both superposed liquid 
layers in equilibrium. This result is in agreement with experi- 
mental values. Two superposed liquid layers in equilibrium are 
to be regarded as solutions in the same solvent, and must contain 
an equal number of molecules per unit volume. The so-called 
univariant systems may be obtained without fulfilment of the 
requirements of the pliase rule if the molecules of the added com- 
ponent combine with those in solution without increasing their 
number. J. F. S. 

Theobald van Hogelende, F. M. Jaegek {Chem. Weekhlad, 
1918, 15, 1216 — 1258). — An account of the life and work of the 
alchemist Theobald van Hogelande, who was bom at Middleburg 
about 1560, studied at Leyden in 1580, and at Paris in 1581. 
Most of his life was spent abroad, but he died in 1608, probably 
at Leyden. A. J. W. 

Isaac of Holland and Jan Isaac of Holland. W. P* 

JoRissEN {Chem. Weekhlad; 1918, 15, 1343— 1351).— A further 
contribution to the history of these alchemists (compare A., 1917, 
ii, 198, 461, 529). A. J. W. 

Simplification of some well-known Chemical Experi- 
ments. S. Genelin {Zettsch. physikal Chein. Unterr., 31, 91 — 93; 
from Chem. Zentr., 1918, ii, 250).— (1) deduction of Nitric to 
Nitrous A cic?.— Nitric acid (D 1'4, O' 5 c.c.) is mixed with water 
(500 c.c.) in two cylinders; after addition of potassium iodide- 
starch solution to each, a wad of zinc. wool is dipped into one of 
the solutions. Blue streaks are formed in a few seconds. 
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(2) Oxidatii/Hf of Ammonia to Ammonium Nitrite in the Air,-.. 
Ten c.c. of concentrated ammonia solution are placed in a 2-litie 
flask, whicli is shaken for about a minute; the flask is placed 
horizontally, and a glowing piece of platinum foil is introduced. 
The platinum continues to glow, and brown fumes of nitrogen 
peroxide appear, which are replaced by a dense fog of anrnionium 
nitrite. When the fog has subsided, the flask may be filled with 
water and the presence of the nitrite demonstrated by addition of 
sulphuric acid followed by potassium iodide and starch. 

(3) Oxidation of Sulphur Dioxide to Sulphur Trioxide in Air,—, 
The experiment is performed in exactly the same manner as that 
just described, but with the replacement of ammonia by a solu- 
tion of sulphur dioxide. (4) Lead has a bright surface when it 
remains quite free from lead oxide , — Molten lead is' poured into 
a glass tube, the lower end of which is sealed, whilst the upper 
end is expanded to form a funnel; the tube is subsequently sealed 

H. W, 

Experiments to Demonstrate the Velocity p£ Explosion 
of Mercury Fulminate. M. Mittao {Zeitsch. pkys^hal Chevi, 
Unterr., 31 , 93 — 95; from Chem. Zentr., 1918, ii, 250).— 
About 20 — 30 mg. of mercury fulminate are placed in an empty 
percussion cap resting with open end upwards on a piece of foil 
at least 4 mm. thick; the foil is heated with the full flame of a 
Teclu burner. Explosion follows in ten to thirty seconds. The 
approximate duration of the flame can be shown by allowing it to 
illuminate a disk divided into forty-eight equal sectors, coloured 
alternately black and white; the disk is kept in rapid rotation 
(about 1600 revolutions per minute) by a small motor. Since the 
disk appears stationary, the duration of the explosion must he 
considerably shorter than 1/1200 second. Repetition with a disk 
containing ninety-six sectors shows the duration to be somewhat 
shorter than 1/2400 second. H. W. 


Inorganic Chemistry. 


Two Sets of Distillation Apparatus for the Preparation 
of Largo Quantities of Chemically Pure Acids in the 
Laboratory. E. HCrummejtacher {Schweiz. Chem, Zeit,, 1917, 1, 
116 — 120; from Chem. Zentr,^ 1918, ii, 1). — Detailed description;' 
are given of apparatus for the preparation of hydrochloric acid on 
the counter-current principle, and for the distillation of nitric acid 
in a vacuum. H. W. 

Reduction in the Strength of Hypochlorite Solutions on 
Keeping. I. M. KolthoPf (Pkarm. Weekblad, 1918, 55, 
1318 — 1324), — Under the influence of light, hypochlorite solutiocs 
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I rapidly , with f onnatioii of chlorate. In absence of 

light, solutions of moderately strong alkaline reaction keep for 
t«o months without much change (compare Bouvet, this voh, 
ii, 397). A. J. W. 

Limit and Composition of the Terrestrial Atmosphere. 
Aurora Borealis ^Aerolites, and Shooting Stars, A, Ybbonnkt 
{Compt. rend.j 1918, 167, 636 ^^638). — A theoretical discussion 
of the composition of the terrestrial atmosphere at heights vary- 
ing from 0 — 300 km. The percentage of nitrogen increases regu- 
larly up to 100 km., and at a height of 100 — InO km., nitrogen 
forms 0’96 of the atmosphere at a pressure less than T10“® 
atmos., this being the region of aurorae boreales. The phenomena 
of aerolites and shooting stars are also discussed. W. G. 

Simple Method for the Preparation of Phosphorous Acid, 

T, Milobendzki and M. Friedman (Chemik Fdski, 1917, 15, 
76 — 79; from Chem , Zentr ,^ 1918, i, 993). — Phosphorus trichloride 
is conveniently prepared by leading a current of chlorine through 
a layer of boiling phosphorus trichloride which covers a quantity 
of red phosphorus. The gas should not be introduced until the 
trichloride actually boils. The product thus obtained is pure and 
has b. p. 75 •5'^/ 740 mm. Formation of phosphorus pentachloride 
IS not observed even after complete consumption of phosphorus. 
The production may be made continuous by distilling off the phos- 
phorus trichloride and introducing the requisite quantity of 
phosphorus. 

The violent reaction in the preparation of phosphorous acid 
from phosphorus trichloride may be avoided by effecting the decom- 
position of the latter with concentrated hydrochloric acid instead 
of \^ith water; in the first instant, a slight rise in temperature is 
iioled, but reaction proceeds subsequently at the ordinary tempera- 
ture, Concentrated hydrochloric acid has the further advantage 
that it forms two layers with phosphorus trichloride, so that only 
a portion of the latter reacts at any given instant, H. W. 

Behaviour of Phosphates at the Anode. Fk, Fickter and 
-l.\E.oB Muller {II dv. Chim. Acta, 1918, 1, 297- -305). — By 
the anodic oxidation of a solution of potassium monohydrogen 
orthophosphate (2if) between two platinum electrodes in an uu 
divided cell and in the presence of 2 Y -potassium, fluoride and 
9‘32 gram of potassium chromate per litre, the authors have pre- 
pared the potassium salts of monoperphosphoric acid (KgPOji) and 
perphosphoric acid (K^P-pg). The best yield is obtained at 5*^ 
and when working with a current density of O'Ol ampere per sq, 
om. These salts have previously been prepared by SebmidHn and 
Massini (A., 1910, ii, 490), wbo obtained the acids by the action 
uf concentrated hydrogen peroxide on phosphoric oxide, but 
failed to obtain the salts by the above method. The properties of 
the substances obtained are identical with those described by 
Schmidlin and Massini. 5** 6* 
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FreparaUon of Hypophosphates, R, a Van Na, 

WiLBEBT J. Huff (Amer, J, Sd., im, [iv], 46, 

After a recapitulation of the methods available for the product^ 
of hypophosphatee, the authors d^cribe a method which require, 
little attention in carrying out. A number of sticks of pbo*' 
phorus are cast round glass rods, and these are supported from ^ 
plaster cover in a stout glass vessel containing about a litre oi 
water and 250 grams of s^ium carbonate, which need not be dt 
^olved. The phosphorus sticks used were 9 c.m. long and 
1*7 c.m. in diameter, and protruded about 1 c.m. fronj 
the solution. "The whole is then put in a cool place and left td 
react. At the end of two or three days, some of the solution is 
withdrawn and teeted with Congo-red to find the end of the 
reaction, which is reached when the turning point of the Conuo. 
red is obtained. The phosphorus is then removed and placed in* 
similar solution. The product, sodium hydrogen hypophosphate, 
is found in part as a crystalline precipitate at the bottom of tb 
jar, whilst the residue is obtained by concentrating the solution 
It is crystallised to remove the accompanying phosphates aoQ 
phosphites. The best temperature to carry out the reaction is 
10 — -15°, and the yield is 10 — 16% of that theoretically possible. 

J. F. S. 


The Compound H 2 B 40 a and its Salts. Kames Chandba Kav 
(T., 1918, 113, 803 — 808). — It has previously been shown (coir 
pareT., 1914, 105, 2162) that the so-called amorphous boron, pr« 
pared by the reduction of boron tri oxide by means of magnesium, 
probably consists of a solid solution of a lower oxide of boron, 
sometimes in combination with a little magnesium oxide, in 
elementary boron. The author has now extracted the fusion thuj 
obtained with water, removed the boric acid from the solution bj 
the method of Travers, Eay, and Gupta, and determined the ratio? 
B/Mg and B203/(rKidue less MgO) in^the resulting filtrate. The 
former ratio is found to be very nearly 4 and the latter 1*124, 
which closely approximates to the value of the ratio 26203/340-. 
which is ri29. It is concluded that the filtrate contains a mag- 


nesium borite, the formula of which may be written MgO,B40-, 
and this is confirmed by molecular weight determinations by the 
freezing-point method. The potassium salt, £^3405, has been 
isolated by precipitating a solution of the magnesium salt with 
potassium hydroxide in equivalent proportions, and the formula 
confirmed by analysis and cryoscopic determinations. The con- 
stitutional for^la of the corresponding acid is considered to be 
BO(OH):BO-BO:BO(OH), that of the oxide, B4O5, bein^ 

T. S. p. 

bo:bo 


Silicic Acid Gels. Harby H. Holmes (/. Physical ChevL 
1918, 22, 510 — 519). — Methods for preparing silicic acid gels from 
water-glass by means of phosphoric, citric, acetic, formic, tartanc, 
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ulpburic, hydrochloric, lactic, trichloroacetic, monochloroacetic, 
,jjd nitric acids are described. The coucentraUons and quantities 
If the various acids necessary to produce a gel which will set in 
, definite time have also been determined. The influence of 
ginperatiire on the gels has been studied over the range 0 — 100°. 
t is shown that gels containing a very slight excess of hydroxyl 
oDS set most rapidly, almost immediately if not too dilute, but 
»th increase of hydrogen ion concentration the time required to 
pt increases rapidly. With each acid there is a definite concen- 
ration of hydrogen ion which delays the setting indefinitely. At 
till higher concentrations of the same acid, the time required 
gain becomes measurable and rapidly decreases to an almost 
nstantaneous setting. Contrary to Flemming (A., 190‘2, ii, 646), 
t is shown that, in addition io the concentration of silicic acid , 
emperature, and catalytic action of the ions, the dehydrating 
nfluence of the non-ionised molecules also exerts a marked action 
>11 the time required for setting. ,T. F. S. 

The Dissociation of Salt. H. V. Thompson {Trom. Ceramic 
)oc.., 1918, 17, (2), 340 — 350).— Salt was heated for six hours in 
1 platinum tube in a current of dry or moist air at a temperature 
>1 110°, and the amount of salt vaporised and redeposited in a 
lool part of the tube was weighed, With dry air, the amount of 
^It volatilised was about 0’055 gram per litre, but with air sat\i 
‘ated with moisture it rose to 0-08 gram per litre, an increase of 
10%, due to the hydrolysis of the salt by the water. In order to 
uvestigate the effect of salt and water vapour on certain sub- 
itances, these were placed in a platinum tray and inserted in the 
ipparatus. Selected chips of quartz were rendered opaque and 
he sharp edges and rough surfaces were smoothed by the mixed 
rapour, a compound corresponding with Na.p : 1023SiO„ being 
ormed superficially. In dry air, the quartz was much less 
.ttacked. Commercial ferric oxide was converted into magnetic 
iron oxide and numerous black, shining crystals in the presence of 
lalt and water vapour at 1100°. The black crystals of magnetic 
ron oxide were also formed when ferric oxide was mixed with an 
!xcess of salt and heated for twelve hours in the full blast of a 
Ceclu burner. The crystals appear to be due to the presence of 
salt, as they are not formed when ferric oxide is heated alone. 
Miiinina on similar treatment became coated with a layer of fused 
^aterial, which may be a sodium aluminate, 2AhOg,9Na^O. In 
pays, a more deeply seated action occurs, A. B. S. 

. The System Liine-Aluinina-Silica and its Relation to 
plagB and Portland Cement. B. Neumann {StaM v. Eisev, 
1918, 38, 953 — 960). — The author summarises the results of 
Parlous investigations on the binary and ternary systems of lime, 
liumina, and silica, and points out that the possible compositions 
p slags and Portland cements only occupy very small areas in the 
■>riangular diagram used to represent such ternary mixtures. He 
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refers to J. E. Johnson, jun.'s {Met. and Chem. Eng., 1916^ 353 
curve showing the composition-temperature relations for 
flowing slags and its general identity with mixtures of the pm 
oxides of the same compositions, and suggests that a further stud 
of such mixtures may have far-reaching consequences 

Mixtures corresponding with Portland cements occupy j. 
extremely small area in the triangular diagram, and the positi^; 
of this area renders untenable the various theories which are basei 
on the existence of a ternary compound in Portland cements. Th 
author accepts Rankin's suggestion {J. Franklin Inst., 1916, 18i 
that Portland cement is pr^uced by the formation of the ccajj 
pounds 2Ca0,Si02 and SCaOjSAhO^, which absorb lime and fon 
tricalcium silicate and tricalcium aluminate. The former i 
regarded as the essential constituent of the cement, the latter aci 
ing chiefly as a flux or solvent which reduces the temperature a 
which the former is produced. Further investigations ivith 
view to discover other solvents, together with a study of the effet 
of replacing alumina by iron oxide, are suggested. [See also ^ 
S>oc. Chem. Ind., December, 1918.] A. B. S, 

The Carbides of the Rare Earths of the Cerium Group 

A, Damiens {Ann. Chim., 1918, [ix], 10, 137 — 183).— A study c 
the action of water on the carbides of cerium, lanthanum, net 
djTTiium, praseodymium, and samarium. The gas evolved in ever 
case consisted of a mixture of hydrogen, saturated hydracarboiii 
efchylenic and acetylenic hydrocarbons. The proportion r 
hydrogen was in all cases high. Tn no case was any methai! 
found, the saturated hydrocarbons consisting of ethane, propani 
and 2*,9obutane. The ethyl enic hydrocarbons consisted of ethylen 
and its homologues, and the acetylenic hydrocarbons of acetylen 
and its homologues. The different constituents of the mixhii 
were invariably present, but their relative proportions varie 
according to the velocity of the reaction, which was dependent 0 
the physical state of the carbide. 

The metallic hydroxides produced were always those of ?1: 
sesqni oxides. Cerons hydroxide was isolated as a white substauci 
which fixes oxygen in the cold with the development of heat an 
the formation of ceric hydroxide, W. G. 

Gallium. L. M. Denis and J. AnniNfiTON Bridoman (/. dw'i 
Chem. Soc., 1918, 40, 1531— 1561).— See this vol., ii, 456. 

The Heterogeneity of Steel. H. Le Cii atelier and B. Bogitc 
{Oomyt. rend., 1918, 167, 472— 477).— The macrOgraphic etcliiD 
of steel shows a heterogeneous structure which is unaltered by he.' 
treatment, as distinguished from the micrographic etchiui 
Macro graphic heterogeneity is due to oxygen in solid solution 5 
the metal, and phosphorus or sulphur has no direct iuHuenc 
The difference in the value of the electrical resistivity of stee! < 
calculated from the chemical composition (excluding oxygen) aP 
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actually determined is considered to be due to the presence of 
pxygeu in fcHe steel, [gee, further, J. Soc. Chem, I ml, 701a.] 

C. A. K. 

The Metallographic Examination of Tinplate. L. 

JIater {SioM u. Euen, 1918, 38, 960 — 962),- — It is commonly 
thought that the adhesion of tin to iron in tin-plate is due to 
Ihe formation of a compound of the two metals. The author has 
examined pieces of commerdal tin-plate with negative results. 
He immersed small cubes of iron of high and low carbon content 
in tin at various temperatures, and on examining these under the 
microscope found a layer of intermediate crystals, the thickness of 
the layer varying with tho temperature of immersion, At 500°, 
part of the pearlite in the high carbon iron and at 750° that in 
the low carbon iron disappeared, but reappeared around the edges 
of the tin at 950°.^ From this, the author concludes that the 
diffusion of tin and iron at various temperatures may ho indirectly 
traced by the behaviour of the pearlite and ferrite foms of iron 
at high temperatures. [See also J. Soc. Chem, Ind,^ 736 a .] 

A. B. S. 

Formation of Iron Disulphide by Wet Methods. Y. Rout 
[Mitt. K. Materialjiruf ,, 1918, 36, 93— 107) .—The first product, 
of the action of hydrogen sulphide on iron hydroxide is iron tri- 
-iiiplikie; if the reaction is carried out at a higher temperature, 
this is decomposed with the formation of iron disulphide, FeS.>, 
which is insoluble in hydrochloric acid. As thus obtained, iron 
disulphide has 4 '588, which is nearer to that of marcasite 
(4 '55 to 4' 88) than to that of pyrites (4 '9 — 5 ’2). The reaction, 
Fe.S;, — ^ FeS^ + 5 'gS, does not take place in the presence of sub- 
staiues having an alkaline reaction. Iron disulphide may also be 
uhlained by boiling freshly prepared iron monosulphide, suspended 
in water, with sulphur in the absence of alkaline substances. 
These reactions would account for the formation of iron disulphide 
m soils containing iron hydroxide compounds and putrescent 
matter and free from alkaline earth carbonates. [See also J. Soc. 
'View. 7?}.d., 732a.] C, A. M. 

Crystal Structure of Grey Tin- A. J. Bul and N. H. 

Kolkmeyer {Chem. Weehhlad, 1918, 15, 1264).— Grey tin has a 
crystalline structure, the crystals belonging to the cubic system. 
The tin atoms are arranged similarly to the carbon atoms in 
diamond. " A, J. W. 

Galvanic Potential of Alloys. G. Tawmann {Nachr. K, Ges. 
Ks's. Gottingen, 1917,^ 345—372’ from Chem. Zentr., 1918, in 
265— -267). — Mixed crystals show resistance limits towards galvanic 
polarisation as well as towards chemical reagents (A., 1917, ii, 448), 
It was desirable to investigate the connexion between the potential 
of alloys and their composition, since the thermodjmamic theory 
denies the possibility of the existence of galvanic resistance limits. 
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According to this theory, the metallic phase is in equilibrium witt 
the electrolyte, so that even in the metallic phase the change 
position of the two kinds of atoms is sufficiently frequent for 
establishment of a definite concentration. This condition is not 
fulfilled at temperatures at which chemical resistance limits occur 
The thermodynamic theory is developed for a homogeneous binarj 
metallic mixture, and a number of the conclusions are expert 
mentally verified. Silver-gold mixed crystals were investigated 
with the electrometer, using the system Ag| 0 - 02 AgNO 3 | 0 TKN 0 
O'OlAuClgl Au; the potential of the open system is definite 
When the silver electrode is replaced by alloys of silver and gold 
the potential is found to depend on the previous history of the 
alloy; the results can be interpreted by assuming that Ag-A{i 
atoms are unable to change places with one another. The Ap 
atoms are superficially removed by boiling nitric acid, and the 
surface behaves then as if composed of gold. If the surface h 
nibbed with emery, a portion of the superficial gold is removed 
and the silver atoms again come to the surface. The behaviour 
of plates with untouched surfaces after prolonged tempering is 
unexpected; the potential of silver is first exhibited, which rapidlv 
decreases, approximates to the potential of gold, and finally, afto 
eighteen hours, increases to that of silver. The potential at which 
noticeable polarisation occurs is, within the limits of error, tb 
same for gold and for gold-silver alloys with more than 0‘5 mol 
An: this is particularly marked for NO^ anions. The gold con- 
tent at which the polarisation potential decreases (0*5 mol. Au) 
is independent of the valency of the polarising anion, whilst with 
chemical agents it depends on the number of Ag atoms which 
react with a molecule of the reagent. With a gold content ks; 
than 0-5 mol., polarisation is greatly dependent on the treatment 
of the electrodes. The galvanic and chemical resistance limits for 
0*5 mol. Au are identical for simple reagents. If the structure 
of a series of metallic conglomerates is unknown, no conclusion 
can be drawn from the relationship between the potential line and 
the composition as to whether the conglomerate consists of one or 
two types of crystals in those regions of concentration in which the 
potential is independent of the concentration, neither is the sudden 
alteration of potential with alteration of concentration a sign oi 
the formation of a new type of crystal. Such conclusions are 
only justified when the atoms are sufficiently mobile, as is the 
case with Au-Ag alloys at 320^^, when a continuous alteration of 
the potential w4th the concentration is observed. The work of 
other authors also shows that the potential of a series of mixed 
crystals alters continuously with the concentration when diffusion 
is sufficiently rapid, and that the potential of a series of allov? 
with two types of crystal is indenendent of the concentration 
(Cd amalgams); when, however, diffusion is not sufficiently rapid 
to keep the surface concentration definite, the potential is either 
independent of the concentration or alters very rapidly , the alter- 
ation beginning at a concentration corresponding with multiple pro- 
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portions. The galvanic limits are also those of the precipitation of 
other metals from their solution. The non-resistant and tho rela- 
tively resistant mixed crystals are distinguished in their precipitating 
ability, since the former also precipitate those metals the potentials 
of which lie between the true values of the unchanged surface of 
the resistant and that of the relatively resistant mixed crystals. 
Thus, Ag-Zn mixed crystals with less than 0-25 mol. Ag pre- 
cipitate all metals from zinc onwards, whilst those with more than 
0-25 mol. Ag, the potential of which towards zinc is more than 
:0 6 volt, only precipitate lead and the following metals. 

The resistance limits of Au— Ag mixed crystals are considered 
from the space lattice theory. The condition of the lees noble 
metal in a series of mixed crystals can be deduced from the value 
of the potential at which it passes into solution. If it dissolves 
at its own potential, it is present in the free state and a second 
galvanic limit cannot occur (Cu-Au and Ag~Au mixed crystals), 
if it dissolves at a lower potential, it is present in the combined 
slate, and a second resistance limit may be found (Zu-Au mixed 
crystals with O' 17 — 0*37 mol. Au, from, which it follows that the 
crystals from O’ 43 — O’ 64 Au contain the compound AuZn). The 
difference between a mixed crystal and a chemical compound 
depends on the electrons surrounding the positive core. H. \Y. 

The Limits of the Gold Content within which Copper- 
Gold and Silver-Gold Mixed Crystals are attacked by 
Chemical Reagents. G. Timmanx {Nachr. K. Ucs. IKws. 
(Jottiiigen, 1917, 385 — 425; from Chem. Zentr., 1918, ii, 268 — 270. 
Compare preceding abstract). — The resistance limits of the mixed 
crystals mentioned above have now been determined with greater 
accuracy than in the case of the previous investigation (A., 1917, 
li, 448), and it is now possible, in the most favourable cases, 
to define these limits for diSerences of concentration as low as 
0*001 mol. Au. The degree of accuracy depends chiefly on the 
distinctness of the alteration caused by the agent on the surface, 
and the separation of an opaque, slightly soluble product is 
advantageous. Accuracy is favoured by evenness and uniformity 
of surface. In the crystallisation of mixed crystals, it is general 
to find a difference between the compositions of the molten residue 
and of the crystals which, causes lack of homogeneity in the con- 
i;lomerate, so that the latter is not uniformly coloured by a 
chemical reagent. This defect can be greatly remedied by temper- 
ing, preferably at a high temperature, and also by rolling. The 
influence of the duration of tempering on the uniformity of the 
alloy was particularly investigated with an Ag-Au alloy contain- 
ing 0’49 — 0’51 mol. Au; after ordinary cooling, in which the 
i^mperature interval 1000 — 300° was passed through in fifteen 
niinutes, the alloy showed no particles in which the percentage of 
i^old differed by more than 0'75% from the mean value; after 
tempering for four hours at 700°, differences of concentration 
equivalent to O' 005 mol. Au remained. 
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The action of palladium chloride solution (4%) pn Cu~Au 
with 0*23 — O' 27 mol. Au has been studied; the platte with naturji 
surfaces precipitate palladium when containing less than 0'25 
All, and this limit is easily perceived with a difference of 
than 0*005 mol. Au. The action of palladium nitrate on 
alloys, and of platinous chloride on Cu-Au and Ag-Au allovs ^ 
also described. Cu-Au mixed crystals with 0*282 Au and 
remain untarnished for a year in yellow ammonium sulphide solij. 
tion, whereas alloys with 0-243 and less Au are conapletelv 
blackened after a tew hours or days; in this respect, mixed so'ii- 
tions of ammonium sulphide and disulphide act most rapidiv 
followed in order by solution of sulphur in sodium sulphide, B^iii 
sulphide solution, and solution of sulphur in carbon disulphide 
The sequence of darkening, previous to tempering for twelve heun 
at 720°, did not correspond with the copper content; after sueb 
tempering, the tendency to darkening decreased regularly witb 
increasing gold content. The action of sodium sulphide ouh 
occurs in presence of oxygen, whilst with poly sulphide soluiict 
this is unnecessary. The limit of deep-seated action of Na^S 2 solu- 
tion on Cu-Au crystals lies between 0*245 and 0*255 mol. Au; 'fthi; 
polished plates, it is slightly more than 0*270 Au. The same 
solutions were used with Ag-Au mixed crystals; in this cast, 
darkening with ammonium disulphide solution occurs far more 
regularly. Increase in the period of tempering diminishes ih 
rapidity of the action. Sodium disulphide solution beliavt? 
similarly, but more rapidly, The previous datum, that mi]d 
oxidising agents, such as hydrogen peroxide, air, alkaline soditnu 
tartrate, or picric acid, are active up to a gold content of O’ild 
mol. cannot be fully maintained ; the limit is now found at aboa'i 
0*22 mol. For powerful oxidising agents, the following limits ver{ 
observed: AiiClg (0*495 — 0’505 mol. Au) ; IL^CrO^ (0*492); UMiiC’ 
(0'495— 0*505) ; HNOg (0*480— 0'490). Mercurous salts react vitl 
the cornplete series of Cu-Au alloys, but not with pure gold. Th 
rate of action increases with the concentration of the solution 
with which, also, the nature of the alteration of <the plate varies 
Alloys containing up to 0*24 mol. Au precipitate inetcury fron 
mercuric chloride solution, whilst those richer in gold precipitan 
mercurous chloride. Silver salts have a limit of 0*05 — 0T5 lo: 
Cu-Au alloys, but precipitation occurs at isolated spots, frou 
which, with simple salts, needles or leaffets grow with Yiabl 
rapidity. The limits vary with the nature of the negative iou 
and vary congs^erably round a gold content of | mol. The limit 
of precipitation with hard, untempered plates lie at a sligMl; 
higher gold content than for tempered plates. It is general! 
observed that the action of a reagent with distinct limits is notice 
able after a few days, and does not then change after severa. 
months. The superficial nature of the alloy is of gTcat inipod- 
ance for the action limits; the natural, surface is the most re.drtatd 
If the alloy is rubbed with the finest emery paper, iiunicroti- 
scratches are formed at the surfaces, of which the usual distribiilinii 
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f the ill the lattice is disturbed. The distribution of the 
atoms, caused by grinding and polishing, approximates to the un- 
arranged, which is far less resistant than the normal distribution. 

In many cases, protective layers are formed during tempering, 

, vfhich can be recognised by the diminution of the time of attack 
vith increasing period of tempering. The numerical values of the 
limits are partly multiples of one -eighth within the limits 
)f experimental error; at times these multiples are not quite 
ittained, whilst at others they are noticeably e.vceeded. 

The various reagents are classified with respect to action limits, 
anti attempts are made to explain the actions of mixed crystals by 
means of lattice models. H. W. 

Behaviour o! Mixed Crystals of Copper, Silver, and Gold 
towards Chemical Reagents and the Colour of these Mixed 
Crystals. G. Tammann {Nachr. K. Qos. Gutiingm, 1917, 

^73^384; from Chevi, Zentr., 1918, li, flGT— 268. Compare pre- 
ceding abstracts). — The problem of the resistance limits of ternary 
uiLxed crystals is of interest from the theoretical standpoint and 
also from the practical point of view of the possibility of the partial 
replacement of the noble metal of a binary resistant alloy with 
the formation of an equally resistant ternary mixture. The ex- 
|)eriineuts described have been performed with Cu, Ag, Au alloys, 
dnce the resistance limits of the binary systems have been investi- 
gated. A series of mixed crystals has been prepared in which the 
atomic ratios Ag to Cu has been kept constant at 1:2, 1:1, and 
2:1, respectively, whilst the amounts of gold were increased by 
0 05 mol. between O’ 20 and O’oo mol. In the case of the second 
of the series, the alloys were investigated in the hard and soft 
states, but, as no noticeable differences were observed, the remain- 
ing alloys were only used in the latter condition. In contrast to 
the author’s experience with binary alloys (A., 1917, ii, 448), the 
resistance limits with ternary alloys are moi'e or less indefinite, 
and it is necessary to distinguish between the limits of deep-seated 
and superficial action ; the latter is commonly associated with a 
JTi'jch higher gold content than the former, and this is particularly 
marked in the cases of the action of concentrated nitric acid and 
of a mixture of chromic and sulphuric acids. The action limits 
of the following reagents on the ternary alloys have been investi- 
gated: ammonium disulphide, palladium chloride and nitrate, 
picric acid, potassium dichromate and sulphuric acid, nitric acid, 
gold chloride, permanganic and sulphuric acids. In respect of 
deep-seated action, the ternary alloys are generally more noble 
than the binary. 

A number of observations on the colour of ternary alloys are 
^schematically recorded. The distribution of the different types of 
atoms in a 14-poinb lattice is also’ discussed. H. W. 
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Miueralogical Chemistry. 


Pyrolusite from Virginia. Thomas L. Watson aad KotjAsI 
Whekky (/. W ashiiigtoTi Acad. Sci.^ 1918, 8 , 550 560), — Xh 
manganese ore mined in Little Fork Valley, near Woodstock, i 
Shenandoah Co., occurs as an impregnation and replacement i 
brecciated sandstone and conglomerate in the trough of a syndint 
It consists mainly of crysballine, fibrous pyrolusite with some ivac 
Small crystals are abundant, lining cavities. The colour h bkpi 
but steel-grey on fresh fractures, with metallic lustre; streak, bkc 
to slightly bluish-black. H. 2J. Anal. I is of crystals and ] 
of crystalline, fibrous material. 


MnOa. MnO. Fe^O^. 
I. 94-bO 2-25 0-22 

11. 95-22 1-31 0 17 


AIjOj. 

BaO. 

CaO. 

SiO.. 

0-14 

0-33 

0-08 

0 64 

0-18 

0-40 

0-11 

0-63 


X. 0-52 
II. 0-58 


H.,0 ( > 105“). H.,0 ( < 106“). Total. 

153 0-22 100-23 

146 016 103-22 


Sp. gr. 
4-748 
4-885 


The material thus has the physical character# and coinpositiu 
(MnO^) of pyrolusite, but, as usual, the crystals have the ortb 
rhombic form and habit of manganite. The axial ratios, a.b.c- 
0‘8616 ■ 1 ■ 0*5628, however, differ somewhat from those usual] 
accepted for manganite (0*8441 : 1 :0'5448), although they are v?r 
close to the value for manganite from Bohlet, Sweden (0*8612 :l 
0*5629 G. Flink, 1900). It is thus just possible that these ai 
original crystals of pyrolusite rather than pseudomorphs afk 
manganite, as commonly believed. L. J. 


Deposits of Potassium Salts atDallol (Eritrea). M. Gii 

(Atti R. Accad. tincei^ 1918, [v], 27, i, 331—335; Gatzetia.l 

48 ii 1 8). — The results are given of analyses of a number i 

sampl^ from the salt deposits of Dallol, in S. Dancalia (Eritrea 
At many points these deposits consist largely of potassium chlorit 
(up to 98*6%), whilst at others sodium chloride predominates, 
Lth cases, the proportions of magnesium chloride are low, ai 
only traces of bromides are present in a few 
potassium minerals occur at the surface • 

localised at certain points of the salt area. The ther^^^ J 
of Dallol have a temperature of about 80—90 , and con 
saturated solutions of magnesium chloride containing tra^,^ 
sodium chloride and appreciable proportions of p 

bromide. 

Etching of I’y 

Roman Gkengr {Tsch. Mm. Mitt., 33, .0 ^ 

Jahrb. Min.. 1918, Ref. 135-136. Compare A 1915, i; 

— Cryst-als of gypsum immersed in concentrated suJpt 
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develop on tlie faces flat hillocks with a more or less elliptical out- 
j^e This typo of etch-figure is described as ‘etch-shield/ as 
r-tiuct from ‘ etch-hill.' The solutiou of the gypsum gives rise 
^^entarily to a supersaturated solution of €8115(804)4, from 
^tich are deposited microscopic aggregates, probably of the hemi- 
.ydrate, CaS04,JH20. The process proceeds with the formation 
f mainly the monoclinic salt, €8115(804)4, together with the acid 
alt CaH2(S04)2> After a time, the process becomes slower, and 
aces corresponding with the ‘ etch- shields ' appear in the cover- 
Qff layer of acid calcium sulphate. At a later stage, the acid acts 
}v” extracting water from the gypsum, with the production of the 
'haracteristic weathering surfaces, until, finally, the whole crystal 
^ tfansformed into anhydrous calcium sulphate. -The ‘etch- 
hields’ approximate to the position of the plane (807), perpen- 
hciilar to which is the greatest solubility in the concentrated acid. 


The Constitutional Formula of Nephelite. 8t. J. Tiiugutt 

(A'wm?c. Tov*. Nank. Wanzaw., Math.-natiirw. Kl., 1913, 6 , 

862 j from Jalivh, 1918, Itef. 132 — 133). — The author 

lefends the formula 8NaoAl2Si3045.4Na2AU04,3K.,Al,,Si30]5 pre- 
vioaslv proposM by him (A., 1895, ii, 358), and criticises later 
views^A., 1911, ii, 122, 992; 1912, ii, 176, 569). Morozewics 
tcrraula, K,Nai8Al,jSi2309o (A.. 1908, ii, 202), for ‘basic’ nephelite 
can be express^ as 

I8Na.Al2Si30io,9Na.Al204,K2Alo04,5K.AhSi30io. 

Bv the action of superheated water, nephelite splits up into 
natrolite- (Na.Al2Si3O40,2H.O), gihhsite [Al(OH)J, and muscovite 
i ll.KAl4(Si04)3|, whilst some of the sodium goes into solution, 
tliese minerals corresponding in composition with the three mole- 
fiile? in the author’s formula. It is suggested that the variations in 
aualvses of nephelite may he due to want of homogeneity of the 
material, and that the secondary minerals mentioned above may 
he present in an extremely finely divided state. Tj- 3 • • 


Analytical Chemistry, 


The Use of Thymolsulphophthalein as an In^cator ^ 
Acidimetric Titrations. Arthur B. Cl.^rk and Herbert A. 
lA-Bs (./. Amer. Chem, Soc., 1918, 40, U43-1448. Compare A., 
1916, ii, 44, 570).— Thymolsulphophthalein, an indicator having 
two useful working ranges, can he very successfully employed in 
hiany differential acidimetric and alkalimetri(i titrations. o 
illustrate the general method of employment, a few typi^l titra- 
tions are given (mixtures of benzoic and hydrochloric acids, acetic 

VOL, CXIV. ii. 
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and hydrochloric acids, acetic and sulphuric acids, titration of 
aniline by hydrochloric or sulphuric acid). Any acid with a ^ 
sociation equal to or weaker than that of acetic acid may be difier 
entially titrated in the presence of hydrochloric acid, provided that 
the weaker acid is completely neutralised when the alkaline colons 
change of the indicator occurs. 

The use of proper colour screens or, preferably, of a coloriineter 
or spectrophotometer, greatly increases the accuracy of differentia’ 
titrations, but is not absolutely necessary. H. W. 

Titration of Free Hydrochloric Acid in Gastric 
with Suppression of the Dissociation of Organic Acids h 
Addition of Alcohol. Georg Kelling {Berk klin. Woch., 19is 
54, 334 — 336; from Chem. Zentr.j 1918, i, 1063 — 1064). — The use 
of dimethylaminoazobenzene, Congo-red, or tropaeolin for the 
detection of free hydrochloric acid is rendered uncertain by the 
presence of large amounts of organic acids or of loosely combine!! 
hydrochloric acid. The author recommends the following process, 
which, in a simple manner, gives results which are iu close agree 
inent with those obtained by Giinzburg’s method. Two drops of a 
0-5% solution of dimethylaminoazobenzene in alcohol (90%) art 
added to 5 c.c. of gastric juice; an intense cannij^-red coloration 
denotes the presence of free hydrochloric acid. 7* C.c. of alcohoi 
(96%) are added, and the solution is titrated with .Y/lO-potassiniD 
hydroxide until a pure yellow shade is obtained. (If more thao 
^■5 c.c. of alkali are required, it should be observed that ihf 
volume of added alcohol must be approximately half that of the 
aqueous liquid.) The acidity of 10 c.c. is calculated by multiply, 
ing by 2 and adding 3. The addition is necessary, since the 
alcohol affects the acidity of free hydrochloric acid for the indicator 
to this extent. When free hydrochloric acid is absent and the 
hydrochloric acid deficit is to be estimated, a similar process i- 
adopted — an equal volume of alcohol is added, followed by liydr!> 
chloric acid, until a red coloration is produced ; the solution i; 
then titrated back with A/lO-potassium hydroxide. The two acio 
values are subtracted, the difference is calculated to 10 c.c., and 
increased by three. The added alcohol completely suppresses the 
acidity of organic acids so far as the reaction is concerned. 

Colorimetric Scale for the Estimation of Free Hydro^ 
chloric Acid jin Gastric Juice] by means of Brilliant-Green. 

M. Delort Roche (Compt. rend. Soc. Biol., 1918, 81 
(540 — 649). — An unfiltered 1% solution of methylene-blue in dilute 
alcohol, a 5% aqueous solution of normal potassium chromate, ana 
an unfiltered 0T% solution of eosin in dilute alcohol are misw 
with water in six given proportions. The mixtures are 
sealed tubes, and constitute a permanent scale of colours wbch 
match those produced by mixing equal volumes of a 0*02% solution 
of brilliant-green with gastric juice containing six different- W’* 
centrations of free hydrochloric acid (0*025% to 0'2%). G- 
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j. D6t6ctioii snd Sdp&rfltion of Hydrocliloz*ic Acid in 
presecce of Bromic and Iodic Acids. II. Detection and 
Estimation of Bromic and Iodic Acids in Presence of 
Hydrochloric, Hydrobromic, and Hydriodic Acids. ArriLio 
pL'BGOTTi {Gazzetta, 1918, 48, ii, 63 — 66). — The methods here 
proposed are based on the fact that potassium or sodium hydroxide 
attacks silver broraate and iodate in the cold, whereas silver 
diloride, bromide, and iodide remain unchanged. [See J. Soc. 
Vim. Ind,, 730a.] T. H. P. 

Estimation of Hypochlorite and Chlorate in the same 
Mixture. I. M. Kolthoff [Fkarm. V/dckhlml, 1918, 56, 

1 ^ 89 - 4295 ).~The estimation of hypochlorite and chlorate in such 
a substance as bleaching powder is carried out as follows. 

To 25 c.c, of A/lO-arsenious oxide solution are added 5 c.c. of 
4.V*acetic acid and three drops of 0’2% methyhred. The hypo- 
chlorite solution is then run in until the liquid is decolorised, the 
immber of c.c. used containing 88-75 mg. of active chlorine. 

To the colourless solution thus obtained are added 25 c.c. of 
the arsenious oxide solution and 20 c.c. of concentrated hydro- 
chloric acid, and the mixture boiled for five minutes. The excess 
c^f arsenious (aide is then estimated by titration with A/ 10 - 
potassium bromate, each c.c. of arsenious oxide solution used 
corresponding with 1‘4 mg. of CIO 3 or 3’45 mg. of active chlorine. 

A, J. W. 

Estimation of Sulphuric Acid and Barium as Barium 
Sulphate. L. W. Winkler (Zeitsch. angew. Chem., 1918, 31, 
212 ). ~A reply to Karaoglanow (this vol., ii, 369). W. P. S. 

Volumetric Estimation of Sulphates. Vanstee.vuerger and 
BiuziL {Arm. Chim. ami., 1918, 23, 210—214). — The solution 
containing a sulphate is heated at 60 — 70° with an excess of sodium 
carbonate solution, filtered, the filtrate slightly acidified with 
hydrochloric acid, and treated with an excess of standardised 
barium chloride solution. The mixture is boiled for one minute, 
filtered, and the excess of barium in the filtrate precipitated as 
barium carbonate, which is collected, washed, and titrated with 
•l/lO-hydrochloric acid, using methyl-orange as indicator, [See. 
further, J. Soc. Ghem. Ind., 689a.] W. P. S. 

Volumetric Estimation of Selenious Acid and Selenic 
Acid, L. Moser and W. Prinz [Zeitsch. a7ial. Chem.^ 1918, 57, 
277—305). — The iodometric estimation of selenious acid is trust- 
worthy if the selenious acid is heated in a distillation flask with 
lour times the theoretical quantity of potassium iodide in the 
presence of hydrochloric acid, and the liberated iodine titrated in 
the receiver and in the residue. The indirect iodoinetric method 
described by Gooch and Pierce (A., 1896, ii, 334) is also trust- 
worthy if carried out as a distillation process. Oxidation with 
permanganate in alkaline solution as proposed by Marino (A., 

21 * 
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1910, ii, 155) is untrustworthy if the oxidation mixture is acidiiie,^ 
before cooling. Titration of selenious acid with titanium tr^ 
chloride solution does not give accurate results, owing to the foml 
ation of a quantity of hydrogen selenide. Reduction with hydr- 
iodic acid is the most trustworthy method for the estimation 
selenic acid. [See, further, J. Soc. Chem, Ind., 730 a .] 

W. P. s. 

Estimation of Nitrogen in Urine by Kjeldahl’s Method 

C, Oehme and M. Oehme {Ber, Klin. Woch.^ 1918, 55, 401—40' 
from Ohem. Zentr., 1918, ii, 70). — To economise reagents, gas^ aiif' 
time, the authors recommend a reduction in the quantities usual 
for a Kjeldahl estimation, and propose the following process 
Urine (1 c.c.) and concentrated sulphuric acid (2 c.c.) are heatd 
in the usual manner after addition of potassium and copper 
sulphates. Distillation, after addition of water (100 c.c.) and 
sodium hydroxide solution (33%, 15—20 c.c.), is usually complete 
in fifteen to twenty minutes. iV"/20-Acid is conveniently used for 
titration. H. W. 

Estimation of the Residual Nitrogen in Blood serum. 

Fischer {Zeitsch. physiol. Chem., 1918, 102, -266 — 274). -h 
the estimation of the residual nitrogen in blood- serum, it is essentia] 
that the proteins should be so completely removed by precipitation 
that no trace of the latter can be detected in the filtrate. Thi? 
result can be achieved by precipitating with sodium acetate or 
chloride in the presence of acetic acid at 100°, or by treatment 
with uranium acetate at the ordinary temperature. The antlior 
recommends the uranium acetate method, which yields values for 
the residual nitrogen varying from 20 to 90 mg. of nitrogen per 
100 c.c. of blood-serum. H. W. B, 

Estimation of Minimal Quantities of Nitrites and 
Hydrogen Peroxide, either Separate or Present together, 

A. Quartaroli {Gazzetta, 1918, 48, i, 102 — 111). — Less than one 
part of nitrite per million of water may be detected by the bWi 
red coloration given by a reagent containing potassium thiocyanal?. 
feiTous sulphate, and nitric acid. The same reaction is given by 
hydrogen peroxide, potassium persulphate, and probably otiier 
peroxygenatml compounds, but not by chlorates or perchlorate^. 
With hydrogen peroxide, the coloration produced is less iiiteiw 
than that with'^itrous acid, hut the reaction is more sensitive tliaJi 
any other for the peroxide. With nitrous acid, but not will- 
hydrogen peroxide, the coloration formed disappears when th' 
vsolution is heated rapidly to boiling with concentrated hydrochlom 
acid and carbamide. [See J. Soc. Chem. Ind., 731 a.] T. H. ?• 

Methods for the Estimation of Phosphoric Acid in Small 
Amounts of Blood. W. R. Bloor (J. Biol. Chem., 191B, 36, 
33 — 48). — The estimation of the phosphoric acid is based on it- 
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I j-ecipiUtion as strychnine phosphoiuolybdHte by a modification of 
and Egerers method (A., 1915, ii, 794). The amount of 
jjrecipitate is estimated nephelometrically. H, W. B. 

Detection, Intimation, and Elimination of Arsenic and 
Mercury in Urine. Paul Duret {Gompt. nnd. Soc. Biol, 1918, 
81, '^36 — 737, 737 — 739). — See this vol,, i, 561. 

Microchemical Notices. 0. Tunmann {Pharm, Post,, 1918, 
I5l, 341 — 342, 353— -354 ; from Ckeni. Zentr., 1918, ii, 401 — 402. 
ICompare this vol., ii, 465).— II. Occurrence of a Crystalline 
[Suhtdnce w the Seeds of Strychnos nux vomica, L, — In a single 
iiastance out of several hundred seeds examined, considerable 
quantities of colourless needles of chlorogenic acid were observed. 

: III. Identification of Arsenious The extension of micro- 

eheraical methods to chemical preparations is considered a hasty 
step by the author (contrast Wasicky and Mayrhofer, Zeitsch. 
a!lg, Osterr. Apotk, Fer., 56, 305); the method should be 
restricted to drugs. Arsenious acid is best detected by sublima- 
tioii from an asbestos plate at a comparatively high temperature; 
the method can be applied directly to powders, pills, and even to 
ointments. Destruction of organic matter, if necessary, can be 
cmiveniently effected by heating the material with sulphuric acid 
on the object-glass. The sublimed arsenious oxide crystallises in 
octahedra, tetrahedra, and, not infrequently, in inonoclinic prisms. 
Should the crystals be small, addition of a little water or glycerol 
causes the formation of larger crystals. The sublimate should 
always be tested with silver nitrate; for this purpose, it is dissolved 
ill warm water beneath the cover-glass; on one side of the latter 
a drop of 0'1% silver nitrate is added, and ou the other side a drop 
of very dilute ammonia. A chrome-yellow precipitate, which 
slowly becomes brownish -yellow, is formed at the junction of the 
liquids. H. W. 

Silver-asbestos, Lead Chromate-asbestos and Lead Per- 
:)xide-asbestos. 0, Binder (Chein. Zeit., 1018, 42, 522).— A 
Miixture of asbestos and finely divided metallic silver may bo used 
mr the absorption of chlorine in the combustion of organic sub- 
itances; asbestos mixed with lead chromate or peroxide serves for 
he absorption of sulphur compounds. The silver is prepared by 
‘educing ammoniacal silver nitrate solution with zinc. [See, 
iirther, J. Soc, Chem... hid., December.] W, P. S, 

Errors in Alkalimetry due to the Presence of Carbon 
Dioxide in Distilled Water. Gl. Bruhns {Zeitsch, anal. Chem., 
1318, 57, 257 — 277). — Attention is directed to the influence of 
lissolved carbon dioxide in water and in standard acid and alkali 
solutions on acidimetric and alkaliiuetric titrations. [See, further, 
f- Soc. Chem. Ind., 730a.1 W. P. S. 

2l*-~2 
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The lodotaxmic Reagent. D E. Tsakalotos and’^ 1). Dalhu 
(Hull. Soc. cAm., 1918, [iv], 23 , 391—400). — The reagent is a lui,;. 
ture of 1 c.o. of iY/lOdodine solution with 1 c.c. of a 1% taauij, 
solution, and is used to determine the alkalinity of very Hihitf 
alkaline solutions. The procedure is as follows. To the 2 c.c 
of reagent in a porcelain dish, the alkaline solution is added vid 
Stirling until a definite red colour appears. Prom this point, ibf 
alkaline solution is run in gradually, and, after each addition, a 
drop of the mixture is tested on starch-paper. The end-point b 
reached when a blue colour is no longer formed on the test-paper 
From a table given in the original, the alkalinity of the solutioii 
may then be calculated, knowing the volume of solution used 
By means of this reagent exact results may be obtained wit! 
alkaline solutions at a dilution of ir/10,000 to i\f/40,000. 

W, G. 

SimpliBcatiou in the Estimation of Potassium. 

IluTTNEB (Kali, 1918, 12 , 178 — 179; from Chem. Zentr.^ 1918, ii 
402 — 403). — The process depends on the substitution of bariim 
bromide, BaBr 2 , 2 H 20 , which is soluble in alcohol for the insol ubl 
chloride. It is essential that the specimen of bromide should leav 
no residue when treated with alcohol ; it is conveniently prepare- 
from potassium bromide and barium carbonate, evaporation, an 
extraction of the residue with alcohol. 

A weighed quantity of the potassium salt is dissolved in cole 
water, an excess of a highly concentrated aqueous solution oi 
barium bromide is added, and the mixture is shaken and made iip 
to the mark. The precipitate settles well; it is filtered, and 10 c.c. 
of the filtrate are treated with perchloric acid. Solution in cold 
water should be more generally adopted; specimens of carnallik 
except as regards any kieserite, are immediately dissolved. The 
residue does not generally contain potassium. If this should bf 
the case, the carnallite contains notable quantities of soluble 
potassium sulphates (polyhalite, langbeinite, etc.), and must h 
dissolved in the hot solvent. In this case, it is advisable to add 
hydrobromic instead of hydrochloric acid to prevent subsequent 
formation of barium chloride from the bromide. H. W. 

Recovery of Silver from Albumose silver Solutions and 
Methods for the Analysis of the latter. G. Maue 
Zeit., 1918, 42 , 513 — 515 ).— Precipitation as chloride or iho 
cyanate in sul^^uric acid solution is recommended for the reco'ej^ 
of silver from waste therapeutical albumose-silver solutions; th 
silver chloride or thiocyanate is subsequently collected, and risei 
with alkali carbonate and nitrate in order to obtain metallic diver 
The most trustworthy methods for estimating the silver con^J- 
of albumose-silver solutions are those based on the reduction o 
the silver by lactose or tannin in alkaline solution, or on its pr< 
cipitation as bromide, iodide, chloride, thiocyanate, or ferrocy^^ 
in acid solution. The precipitated silver or silver compound 
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alkali carbonate and nitrate, the metallic silver 
lissolved in nitric acid, and titrated with thiocyanate solution, 
further, J. Soc, Chem. Ind., December.] W. P. S. 

^g^mation of Magnesium. L. W. Winkler {Zeitsch. angew. 
Che^’i 1918, 31, 211 — 212). — In the absence of large quantities 
qI potassium chloride or sodium chloride, magnesium may be pre- 
cipitated and weighed as MgNHiPO^jGHoO. The precipitation is 
ie at 90®, and the precipitate is collected after twenty-four 
ours, washed with ammonia and methyl alcohol, dried over 
alcium chloride, and weighed. [See, farther, J. Soc. Chem. Ind.y 
5lA.] W. P. S. 

Analysis of Magnesite. V. Machi {Ihli chnn, farm., 1918, 
301—302). — The volumetric method given by Merck Guano 
: phosphat Werken (A., 1909, ii, 619) for analysing magnesite 
ioes not give trustworthy results. The author describes a modifi- 
atiou of the usual method, by means of which risk of loss by pro- 
ection during evaporation on a sand-bath is avoided. [See 
f. f(oc. Chem. Ind., December.] T. H. P. 

Alkali Iodides as Reagents for Cadmium and Nickel. 

L Agrestini {Gazzetta, 1918, 48 , ii, 30 — 34). — With a distinctly 
irnmoniacal solution of a cadmium salt, 20 — 30% potassium iodide 
olution yields a heavy, white precipitate composed of regular octa- 
ledra and having the formula Cd(NH3).2r.2, whereas with a solii- 
ion of a copper salt no precipitate forms under similar conditions, 
fthth the same reagent, strongly ammonia cal solutions of nickel 
alts give a heavy, bluish- violet precipitate of the formula 
\h(NHg)Ql2, and consisting of microscopic, regular octahedra. 
Cobalt also gives a precipitate with this reagent, and must be 
removed before testing for nickel. [See J . Soc. Chem. Ind., 751a.] 

T. H. P. 

Volumetric Estimation of Lead in Tin Plate. J. Deininger 
[Zeitsch. Nahr. Gerhussm., 1918, 36, 66 — 67).- The metal is dis- 
solved in concentrated sulphuric acid, ammonium oxalate solution 
is added to complete the solution of the iron, and the lead sulphate 
is collected and dissolved in hot 50% sodium acetate solution. 
Bromine is added to precipitate the lead as peroxide, and this is 
then collected, dissolved in sodium acetate solution, and estimated 
iodometricallv. [See, further, J. Soc. Chem. fnd., 736a.] 

“ ^ W. P. S. 

Gravimetric Estimation of Copper by means of Sodium 
Nitroprusside and the Separation of Copper and Mercury. 

Emil Votocek and Jan Pazoukek (Chem. ZeiL, 1918, 42 . 
475 — 476), — The solution containing the copper salt is treated with 
an excess of sodium nitroprusside solution acidified previously with 
-1 /lO-sulphuric acid, the mixture is diluted to 170 c.c,, shaken for 
two to four hours, the precipitated cupric nitroprusside then 
collected on a tared filter, washed with water, dried at 110®, and 
weighed. The precipitate contains 22*75% of copper. This 
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method may be applied to the precipitation of copper in ^ 
presence of mercury salts* provided that sodium chloride is 
added to prevent precipitation of mercuric nitroprusside (coinpjj, 
this vol., ii, 238, 272). The mercury in the filtrate from 
cupric nitroprusside may he estimated as sulphide or volumetric, 
ally, as described previously {loc, cit.), [See, further, J, 
Chtm, Ind.^ 751a.] W. P. g 

lodometric Estimation of Copper, I. M, Kolthofp (?har% 
Wtekblad, 1918, 55 , 1338—1346). — A summary of the literatus 
of the iodine method of estimating copper, and an account of tb 
results obtained by varying the experimental conditions. 

A. J. lY, 

Gallium. L. M. Dennis and J. Allington Bridgman {J. 
Chem. Soc., 1918, 40 , 1531— 1561).— The spark spectra and an 
spectra of gallium, indium, and zinc have been studied with tb 
object of ascertaining the amounts of each of these elements whicii 
could he detected in the presence of large quantities of the other 
elements by this means. It is shown that O’ 0046 mg. of gallims 
can be detected by means of the spark spectrum, the lines 
and 4033 p/z being used for the purpose. In the case of indium, 
0’0013 mg. may be detected by means of the spark lines A -4511 
and 4102 pp. In the presence of gallium, quantities of indium as 
small as O’ 06% of the weight of the gallium are detectable by the 
spark spectrum, whilst in the presence of indium, quantities oi 
gallium amounting to O' 18% of the weight of the indium may b 
similarly detected. 

It is shown that the fractional electrolysis of a dilute solution 
of indium anS gallium sulphates is capable of yielding perfectly 
pure gallium after about fourteen electrolyses. Pure galliuni 
chloride can be obtained from mixtures of gallium, indium, aiii 
zinc by the fractional distillation of the chloride in a current of 
chlorine. 

The methods of estimation of gallium were studied, ami 
it is shown that precipitation as hydroxide by means of ammonia 
leads to low results, because of the tendency of the precipitat! 
to adhere to the beakers. Satisfactory results are obtainel 
by precipitating gallium hydroxide from slightly acid solutions by 
means of sodium azide in boiling solution. Equally good resulfc 
are obtained by precipitation of the hydroxide by adding sodiani 
sulphite to solution and boiling vigorously for four mimite. 
The last method has the advantage that physiologically 
gases are not given off during the boiling, and so it is more agree- 
able to work with, , 

Zinc can he estimated in the presence of gallium by 
adding an excess of potassium mercuric thiocyanate to ^ 
slightly acid (HgSO*) solution of the sulphates. After keepm? 
for several hours, the precipitate of zinc mercuric thiocyana e t 
filtered in a Gooch crucible and dried at 105 — 110°. The fi ^ 
is acidified with hydrochloric acid and the mercury remove ; 
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hydrogen sulphide, and, after bailing to expel the excess of 
hvdrogea sulphide, the gallium is estimated as hydroxide by means 
potassium sulphite. 

Mixtures of gallium and indium are separated and estimated 
as follows. Solutions containing small amounts of both elements 
are largely diluted and treated with a small amount of 
hydrochloric acid, and then exactly neutralised with sodium 
hydroxide, an excess of 1*5 grama of sodium hydroxide is added, 
and the solution boiled for several minutes. The precipitated 
indium hydroxide is well washed, dissolved in hydrochloric acid, 
and the process repeated. Finally, it is dissolved again in hydro- 
chloric acid, and precipitated by ammonia, washed, dried, ignited, 
and weighed as oxide. The filtrates and washings from each pre- 
cipitation are combined, and the gallium precipitated as hydroxide 
by means of sodium sulphite, as described above. 

The separation of gallium and aluminium is effected in the follow- 
ing way. The aluminium is precipitated as hydrated chloride -by 
adding 60 c.c. of hydrochloric acid to the solution, and then 60 c.c. 
oi ether. The flask is immersed in cold water and the solution satu- 
rated with hydrogen chloride, when hydrated aluminium chloride 
is precipitated. This is filtered on a Gooch crucible, washed with 
a mixture of 30 c.c. hydrochloric acid and 30 c.c. ether, and then 
dissolved in water, and the aluminium estimated as oxide in the 
usual way. The combined filtrates and washings are treated with 
a small amount of sulphuric acid and heated to expel the ether, 
and most of the hydrochloric acid and the gallium estimated as 
oxide after precipitation with sodium sulphite. Three methods of 
separating and estimating mixtures of gallium, indium, and zinc, 
and one method of estimating mixtures of gallium, indium, zinc, 
and aluminium, are described. For details of these, the original 
paper should be consulted. 

Gallium selenate has been prepared by digesting gallium 
hydroxide in seienic acid solution at the boiling point 
for several hours. After filtration, minute, very soluble crystals 
were obtained which show oblique extinction. The air-dried 
salt has the formula Ga.j(Se04)3,16H20, but there is evidence 
that the salt which separates from water solution at the ordinary 
temperature is Ga2(Se04)4,22n,0. The air-dried salt dissolves in 
water to the extent of 1 part in 1*74 parfe of water at 25°. 
Gallium «esium selenate alum has been prepared by crystallising 
a mixture of the two salts. This substance dissolves in water to 
the extent of 1 part in 24' 1 parts of water. The solubilities of 
ammonium gallium, and csesium gallium sulphate alums have been 
determined in water, 50% alcohol, and 70% alcohol. The follow- 
ing solubilities were found : ammonium gallium alum, 1 part dis- 
solves in 3 '24 .parts of w^ater, 4600 parts of 50% alcohol, and 
II54OO parts of 70% alcohol; csesium gallium alum, 1 part dissolves 
in 66' 2 parts of water, 25,800 parts of 50% alcohol, and 28,000 
parts of 70% alcohol. The solubility determinations were made at 
250. ^ J. F. S. 
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Magneto^emistry. Applications to Analytical Cheo). 
istry. II. A. Quartaboli [QazzettOy 1918, 48, i, 

The method previously devised (A., 1916, ii, 123) for the estua, 
ation of magnetic salte in solution by measuring the magnetit 
susceptibility may be replaced by the procedure described below 
which may be used with magnetic fields of moderate intensity and 
requires no special apparatus. By means of truncated conical 
poles with circular faces, a field is obtained in which a zone of 
great intensity is separated sharply from one of feeble intensity 
The solution to be examined is introduced into a small tube of 
about 8 mm. internal diameter, and above it is placed, carefully 
and without mixing, coloured water. The tube is then arranucj 
so that the surface of separation of the two liquids corresponds 
with the lower point where the poles begin to diverge. When the 
magnet is excited, the water bulges out into the magnetic solntioh 
beneath without sensibly mixing with it, and if the field is sulFici 
ently intense and the susceptibility of the solution great enough, a 
globule of the water becomes detached and remains suspended in 
the magnetic liquid. The phenomenon is visible with weak lieldj 
and dilute solutions which yield scarcely perceptible indications bv 
Pliickers or the U-tube method. Naturally, the results beconie 
more marked as the specific gravities of the two liquids approach 
equality. 

In the application of this phenomenon to quantitative analysis, 
a standard solution of ferric chloride containing a little hydro- 
chloric acid is placed in the lower part of the tube, and the solu- 
tion of the ferric salt to be analysed carefully pipetted on to the 
top of this solution; the upper liquid is then gradually diluted 
with successive diminishing quantities of water until only a jujt 
perceptible bulge slowly appears; the magnet should he excited 
for at least a minute, and the disappearance of the phenomenon 
when the current is interrupted employed as a control. The results 
thus obtained with ferric chloride solutions of the respective con- 
centrations 0-519, O' 2076, 0*0798, 0*0322, 0*0129, and 0-0051 ’r. 
were 0-5176, 0*2070, 0*0794, 0*0318, 0*0126, and 0*00500% with a 
field of 12,000 gauss, and 0-5181, 0*2073, 0*0795, 0*0320, O-OlT. 
and 0*00504% with a field of 30,000 gauss; in the latter case, a 
0*002% solution gave the value 0*00184%. 

As the magnetic susceptibility of ferric sulphate is, for certain 
concentrations, rather higher than that of the chloride, the sulphab 
ion should be removed by precipitation with barium chloride, 
followed by either filtration or decantation. The actual deter- 
mination then occupies usually about fifteen minutes, and at iiio?t 
2 C.C. of the liquid are necessary. The surface of separation le 
often visible owing to variation in the refraction, but it is con- 
venient to add one of the ordinary indicators to. the water used 
for dilution. 

The determination of iron in this way is not affected by the 
presence in the solution of aluminium, phosphoric acid, etc., but it 
manganese or chromium salts are present, modification is necessary- 
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iVheu, ^ usually the case, the maugauese is in small proportion, 
t, may ti® determined colorimetrically and the percentage found 
.^btracted directly from the percentage of iron found by the mag- 
netic method, the atomic weights of the two elements and the 
susceptibilities of their salts differing only slightly. With marked 
^antities of manganese, the latter should be converted into per- 
Jiaaganic acid, which is virtually non-magnetic ; the manganese 
is thus determinable from the difference of the susceptibilities 
before and after this transformation ; also, when chromium is pre- 
this is converted into chromate, which is negligibly magnetic. 
The optimum concentrations for the chromium, manganese, 
nickel and cobalt solutions to be used are given, and the applica- 
lioE of the method described to (1) volumetric analysis with per- 
manganate, (2) volumetric analysis with dichromate, and the 
analysis of mixtures of chromic salts and chromates, (3) the analysis 
of solutions containing ferrocyanides, ferricyanides, thiocyanates, 
:and organic matter. T. H. P. 

Influence of Iron and Organic Matter od the lodometric 
Estimation of Chromium, II. Lauff.mann [Lederiechn. Rundsck.y 
1918 10, 37 — 39; from Chem. Zentr., 1918, ii, 310- -311). —If 
oxidation is effected with sodium peroxide, the results are high in 
the presence of not.able quantities of iron, in consequence of in- 
creased separation of iodine; when considerable amounts of hydr- 
oxides or silica are formed during fusion or subsequent acidifica- 
tion and are removed by filtration, the results are low, owing to 
adsorption of chromium. If the precipitate consists of bases which 
do not cause the separation of iodine and are soluble m hydro- 
chloric acid, it is dissolved in this reagent, and the chromium is 
e^imated in the solution. Large amounts of organic matter cause 
inexact results when the oxidation is effected with sodium peroxide, 
since, unless completely destroyed, they give rise to substances 
ivhich delay the separation of iodine and cause the end-point of 
the titration to be indefinite. In the presence of considerable 
quantities of iron or organic matter, oxidation is conveniently 
effected with a mixture of sodium carbonate (120 parts) potassium 
carbonate (40 parts), and potassium chlorate (8 parts) or, in 
absence of organic matter, by treatment with Mohr s ^ (com 
pare Schorlemmer, this vol., ii, 372), In presence of organic 
matter, oxidation may be achieved with potassium permangana e 
(compare Schorlernmer, loc, find the chromium 

eriiinated in the filtrate. 


Analysis of Molybdenum Compounds by VolaUlisation m 
a Current of Carbon Tetrachloride Vapour. 

and Otto Laubi (J. pr. Chem., 1918, [iil, ^ . f 

molybdenum compound is heated at 400° to 560 curren o 

carbon tetrachloride vapour; the molybdic acid volatilises, and la 
collected in a receiver, evaporated with nitric acid , igni e , 
weighed. The method is generally applicable to molybdates anr 
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ores, and may be used for the analysis of ferromolybdenum 
molybdenum silicide; in the case of the last two compo^^^^ 
silicon and iron also volatilise, and are separated subsequenth 
from the molybdic acid. [See, further, J, Soc. Ckem. Ind.^ 732/i 

w. p. s. - 

Analysis of Tun^ten Compounds by Volatilisation jj 
a Current of Carbon Tetrachloride Vapour. Paul Jasnasch 
and Robert Leiste (/. pr. Chem., 1918, [ii], 97 , 141— 153 ^^ 
Tungstic acid is. readily volatilised when heated in a current oi 
carbon dioxide saturated with carbon tetrachloride vapour. Tli^ 
volatilised substance is collected in a receiver, and subsequenth 
evaporated with nitric acid, ignited, and weighed. The method 
may be applied to the estimation of tungsten in ammonb® 
tungstate, sodium tungstate, calcium tungstate, lead tungstate 
scheelite, wolframite, etc. [See, further, 7. Soc, Ckeni. Jnd 
732a.] W. P. S, 

A Metl^od for the Rapid Analysis of Mixtures ot 
Chlorinated Toluene. Herbert A. Lubs and Arthur B, Clark 
(/, Amer, Chem. Soc., 1918, 40 , 1449- -1453) --The sample (about 
O' 5 gram) is placed in a sealed tube with water (10 c.c.) and bihklj 
shaken in a bath of boiling water for two hours ; the contents oi 
the tube are washed into a small assay flask, and the tube is rinsed 
out with water (free from carbon dioxide) and with alcohol if aav 
benzoic acid remains. The solution is then titrated with alkali in 
the presence of thymolsulphophthalein according to the autboh 
method (this vol., ii, 449). The percentage of benzotricbloridp 
[x) is calculated from the benzoic acid formed ; the percentages oi 
beiizylidene chloride (y) and benzyl chloride (z) are derived froji 
the following relations: + s = 100; O‘o45a;4- 0'434y •t-0‘281:= 

per cent, side-chain chlorine. The method is very suitable for 
plant control work, and, if certain precautions are taken {loc. ci/.). 
will give a high degree of accuracy. H. TV. 

New Method of Determining the Amount of Methyl 
Alcohol in Mixtures of Ethyl and Methyl Alcohols. Williah 
G-. Toplis {Amer. J. Fharm., 1918, 90 , 636 — 640). — The method 
is designed principally for the rapid testing of denatured spirits 
and is based on the measurement of the volume of hydrogeo 
evolved by sodi^yn from the alcohol previously dehydrated by treat- 
ment with fused potassium carbonate. The determination i? 
carried out by comparison with a sample of denatured alcohol oi 
known compoeition, so that a correction for temperature ari 
pressure of the gas is not necessary. The sodium on the end of a 
needle is suspended by a thread passing through the gas-leadins 
tube. The reaction is carried out in a test-tube, to which sj 
drops of the alcohol to be tested are added. The gas is evolw 
when the thread is released, after bringing the gas-delivery oriflc« 
under an inverted burette filled with light petroleum and sup- 
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ported in n hydrometer jar containing the same liquid. {"See 
further, /. Soc. Ohem, Ivd., 711a.] J. F, B ’ 

Colorimetric Estimation of Phenols in the Blood. Stanley 
R, Benedict and Ruth C. Theis (J. Biol, Chem., 1918, 36, 
95 ~- 98 ).— The method consists in removing the proteins by’ boil- 
iug with dilute acid and alumina cream, and then estimating the 
total phenol + uric acid by a modification of the method of Folin 
and Denis (A., 1912, ii, 1011), using the phosphotuugstic-phoepho- 
inolybdic reagent, excess of sodium carbonate, and, in addition, 
.‘iodium hydrogen sulphite, which has a marked clarifying* action. 
The colour is compared with that obtained from, a standard 
resorcinol solution (0‘581 mg. in 5 c.c., equivalent to 0'5 mg. of 
phenol in 5 c.c.), which may be preserved unchanged for several 
months. The uric acid is then estimated in another sample of the 
blood, and the difference gives the required content of phenol in 
the blood. H. W. B. 

Colorimetric Estimation of Cholesterol in Blood ; Estima- 
tion of Coprosterol in Faeces. Victok C. Myees and Emma L. 
W.iEDELL (/, Biol. Chem., 1918, 36, U7 — 156). — One c.c. of the 
blood, plasma, or serum is mixed with plaster of Paris and, after 
drying, directly extracted with chloroform. The extract contain- 
ing the cholesterol is treated with acetic anhydride and concen- 
trated sulphuric acid, and the colour which develops is compared 
with a standardised aqueous solution of naphthol-gieen B. 

For the estimation of coprosterol, the faeces are treated with 
calcium and sodium hydroxides to saponify fats and remove bile 
pigments, and the residue is mixed with plaster of Paris and ex- 
tracted with chloroform, as indicated for the estimation of 
cholesterol in the blood. Normal human blood contains from 
OTOO to 0-164% of cholesterol. H. W. B. 

Estimation of Aldose Sugars by means of Iodine in 
Alkaline Solution. Applications. H. Colin and 0. Litvin 

[Bull. Soc. chim., 1918, [iv], 23, 403— 405).— A slight modification 
of Bougault’s method (compare A., 1917, ii, 395), the alkaline 
solution used containing 35 grams of sodium phosphate and 50 c.c. 
of iV-sodium hydroxide per litre. An iV/ 10-solution of iodine is 
used, and considerable excess added, the volume of alkaline solu- 
tion used being double that of the iodine solution. The reaction 
is complete after one hour, and the excess of iodine is titrated back 
after making the solution just acid with sulphuric acid. Satis- 
factory results were obtained with the roots or tubercles of arti- 
chokes and chicory. W. G. 

[Estimation] oi Formic Acid, Acetic Acid, and Lactic 
Acid [in Admixtures]. Isenosuke Onodeea {Ber. Ohara Inst, 
landw. FoTSch., 1917, 1, 231— 269).— The three acids are extracted 
rith ether from their aqueous solution ; a portion of the extract is 
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oxidised with permanganate in alkaline (sodium carbonate) sob 
iion, and the excess of permanganate then titrated. This 
the formic acid and lactic acid together. Another portion of 
extract is oxidised with permanganate, and the oxalic acid result 
ing from the oxidation of the lactic acid is precipitated as calciufii 
oxalate and estimated volumetrically. Acetic acid is estimated tt 
extracting a third portion with ether, diluting the extracted acii 
to 100 C.C., and distilling the solution until 9o c.c. of distillatt 
have been collected ; under these conditions, the distillate will con 
tain 84'49% of the acetic acid. [See, further, J. Soc. Chem. I ml 
715a.] W. P. g. ' 

New Method for the Accurate Estimation of the Content 
of Fatty Acids in Soaps. E. Bosshabd and F, Comte [Hek. 
Chim, Acta, 1918, 1 , 251— 270) —Errors are introduced in the 
estimation of the fatty acids in soaps when these are weighed a? 
such, owing partly to the oxidation of the unsaturated acids and 
partly to the volatility of the lower fatty acids. The authon 
describe a method in which the acids are weighed in the foiin of 
the lead salts. An ethereal solution of the acids is evaporated in 
contact with lead oxide, the increase in weight thus representinc 
the weight of the acid anhydrides. [See J. Soc, Chem. ImC 
707a.] C. S. 

Biochemical Colour Tests. I. Thiophen Test for Lactic 
Acid. A Colour Test for Aldehydes. William Robekt Feaeo\ 
(Biockem. 1918, 12 , 179—183). — The thiophen reaction k 
lactic acid is duo to the production of formaldehyde and, chiefly, 
acetaldehyde from the lactic acid, which interact with the thiophen 
in the presence of excess of sulphuric acid to give the cherry-m 
colour. Acetaldehyde is much less stable in dilute than in stronj: 
sulphuric acid, and consequently if there is more than a trace of 
water present at the outset, the acetaldehyde will be destroyed a? 
it is produced, and the thiophen will give no coloration. 

The following general test is described for the detection of 
aldehydes. A couple of drops of a 0*2% alcoholic solution of 
thiophen are added to 5 c.c. of concentrated sulphuric acid (free 
from nitrites and nitrates) and mixed. On adding a drop of a 
weak solution of an aldehyde, a red colour develops and spread? 
through the acid. The test is sufficiently delicate to detect 1 part 
of formaldehyde in 100,000. The colour varies slightly with 
different aldehydfe; substituted aldehydes, such as chloral, p-hydr 
oxybenzaldehyde, etc., also give the test. The colours produced by 
this test are all discharged by a few drops of water, but are rf- 
prodiiced on the addition of more sulphuric acid. The author 
suggests the term “ hydrocnic ’’ to describe this and similar test? 
in which the colour produced ia unstable towards water. 

On the addition of phosphoric oxide to a mixture of thiophen 
and acetaldehyde in light petroleum, interaction occurs, 
of the product is an orange liquid, b. p. 12 P (decomp.), wicn 
may be dithienylmethylmethane, CH 3 *CH(C.i 338 ) 3 . H. ^ 
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Crismer Test ior the Detection qf Foreign Fat in Butter 
Lard, etc. Alan W. Stewart (J. State Med, 1918, 26, 
Sri— 315).— The following modification of Crisnier's test (A., 1896, 
ii. o06) gives values for different fats which appear to be sufficiently 
Jistinctive to render the application of the test of value for the 
defection of adulteration in butter, lard, etc. Three c.c. each of 
filtered fet and absolute alcohol are pipetted into a test-tube ainl 
heatetl over a small flame until the mixture, which is continuously 
stirred with a thermometer, has become clear. The tube is then 
removed from the flame, and the contents stirred until turbidity 
reappears. The temperature at which this occurs constitutes the 
Crismer number. Butter-fat gives a result varying from 50-5 to 
57. whilst margarine has a value above 6o if it is composed of 
animal fat and under 50 if prepared from vegetable fat. The 
fat must be free from moisture and quite clear, and can generally 
be so obtained by filtration through a dried filter-paper at 100^, 
The Crismer values of other fats and oils are as follows : lard, 76 
to 77; sesame oil, 67-5; almond oil, 64;- cotton-seed oil, 61-5; 
arachis oil, 57'5; olive oil, 56; cocoa butter, 47,; tallow, 34'o ; palm 
oil. 22; cocoanut oil, 15 to 19-5; palm kernel oil, 13-5. Rape oil 
i? insoluble at the boiling point of the mixture with alcohol. 

H. W. B, 

New Method o! Bstimatix^ Phosphatides. C. Ciaccio 
f.lrc/t. fann. sper. sci. aff., 1917, 24, 231—234; from Fhysiol, 
Ihdr., 1918, 3, 309). — The methods of estimation are given in 
full, and from the results the “ pho^hatide index,” which is the 
ratio of fatty acids to lipoid phosphdfus, is calculated. The index 
is lessened in certain pathological states, indicating partial cleavage 
of the lipoids. H. W. B. 

The Use of Benzaldehyde Sulphite Compounds as a 
Standard in the Quantitative Separation and Estimation of 
Benzaldehyde and Benzoic Acid. G. A. Geiuer (J. Artier. Ckcrn. 
Soc.y 1918, 40, 1453 — 1456). — The work was originally commenced 
with a view to the analysis of toluenes chlorinated in the side- 
chain based on an estimation of benzaldehyde and benzoic acid. 
The procedure is quit© accurate and useful for control analyses, 
but inferior in point of speed and ease of manipulation to the 
method of Lubs and Clark (this vol., ii, 460). In the jne- 
liffiinary work, benzaldehyde was found to bo unsuitable as a 
standard, as it is too readily oxidised, but the bisulphite com- 
pound, PhCHOjNaHSOg.JH^O, fulfils the required conditions. 

The estimation is carried out as follows. Solutions containing 
a maximum 0-5 gram of benzaldehyde and benzoic acid ari^ 
luade distinctly alkaline with sodium hydroxide and extracted 
with three portions of ether (each 25 c.c.) ; the combined ethereaj 
extracts are treated with freshly distilled phenylhydrazine (1’5 
gram) and 10 c.c. of a solution of acetic acid in ether (10%). The 
solution is evaporated in a current of air, the residue mixed with 



ii. 4(i4 


ABSTRACTS OF CHEMICAL PAPERS. 


water (50 c.c.), and the insoluble benzylidenephenylhydrazuiip 
collected in a tared Goocb crucible, dried for two hours at Jo- 
in a vacuum, and weighed. 

The solution from which the benzaldehyde has been extracted 
is rendered slightly acid with hydrochloric acid (1:3), extracted 
with chloroform (25 c.c.), saturated with salt, and three times 
extracted with chloroform (25 c.c. for each extraction). The 
chloroform is removed at the ordinary temperature, and the residue 
dissolved in neutral 50% alcohol and titrated with sodium 
hydroxide. 

If the ethereal solution of benzaldehyde is washed with 25 c.c. 
of 0-2iV -sodium hydroxide, the quantity of benzoic add separated 
is larger and the accuracy of the methc^ is increased. H. W, 

Estimation of Acetone in Smokeless Powders. A. Pierosi 
[Atti R. Accad. Lincei^ 1918, [v], 27, ii, 52—57). — A method i? 
described by means of which the losses attending the conversion 
of acetone into iodoform and the estimation of the latter are 
avoided. [See J, Soc. Chem. Ind., 749a.] T, H. P. 

Estimation of Acetone [in Urine. Sabel pham.; 
Giorn. farm, chim,, 1917, 66, 27; from Physiol, Ahstr., 1918, 3, 
327). — Tartaric acid is added to 200 c.c. of urine, which are then 
subjected to distillation. To 50 c.c. of the distillate, a solution 
of iodine in potassium iodide is added, and then a slight excels 
of potassium hydroxide. The precipitated methyl iodide is washed 
with water and then heated under a reflux condenser with fumiii^^ 
nitric acid and silver nitra^, The silver iodide thus formed is 
washed, dried, and weighed. The weight multiplied by 0-ll?i 
gives the amount of acetone. H- W. B. 


New Volumetric Method for the Estimation of Uric Acid 

in Blood. L. J. Curtman and A. Lehrmann {J. Biol. Chem., 191^, 
36, 157 — 170). — The proteins in the blood are coagulated by heat 
in the ]) resen ce of dilute acetic acid, and, after filtration, the uri^‘ 
acid ill the filtrate is precipitated by the addition of iih^kel acetate 
in the presence of sodium carbonate. The uric acid in the pro 
cipitate is subsequently estimated by adding an excess of staiidanl 
iodine solution and titrating the excess with thiosulphate solution, 
using starch as indicator. H- 


Estimation of the Purine Bases in Nucleic Acids after 
Cleavage without the Production of Humin. K, hBULOE.v 
{Zeitsch, physiol. Chem., 1918, 102, 244— 251).— The nucleic ^ 
is heated with a solution of sodium hydrogen sulphite at 169^ 
under pressure, whereby a colourless, hum in-free hydrolysate is 
obtained. On cooling, the guanine separates quantitatively, 
the adenine in the filtrate is precipitated as phosphotungstate, then 
converted into the silver sulphate compound, and finally weig w 
as picrate. H. W. B. 
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Identification of Purine Bases in Drugs, 0. Xunmann 

(/'Aon/i. 1918, 51, 305 306; from i'heni, Zentr.j 1918, 

]i, 219 — 220 ).— Of the three known processes, sublimation on an 
asbestos plate and detection with gold chloride (if concentrated 
hydrochloric acid and gold chloride solution [3%] are added) yield 
trustworthy results; the benzene process is less satisfactory. A 
jjgv? method, in no way inferior to the gold chloride process, 
depends on the use of ammonia and chlorofonu. The section or 
powder is moistened with ammonia (this causes a strong green 
coloration with raw coffee), covered, treated with chloroform, and 
tlie liquids are mixed by inclining the slip. Separation of crystal- 
lies purine bases occurs within a few seconds with coffee, kola, and 
tea, more slowly with theohroma, and still more slowly (after 
about five minutes) with Paullinia cupana. The colourless needles 
either lie singly or are grouped in bundles. 

Sublimation does not affect the free purine (bases only, but the 
combined bases are also decomposed and the pi'irine sublimes. 

The ammonia-chlorofom process only permits an approximate 
localisation of the bases. \ H. W. 

Application of Microchemical Methods to the Investiga- 
tion of Drugs. 111. Acetoanilide, Acetphenetidide, Anti- 
pyrine, Amidopyrine (Pyramidone) . Adolp '^\AymiO¥%n{ZeiiscX 
Allg.Osterr, Apoth. Ver., 1918, 56, 39 -41, 47—48, 57—60; from 
Ckein. Zentr., 1918, i, 1196 — 1197), — The microchemical recogni- 
tion of acetanilide, phenacebin, and autipyriiie has been described 
receutly by Tunmanu (A., 1917, ii, 551). Acetanilide may be 
detected by the melting point, crystalline form of aniline sulphate, 
and recognition of the acetyl group by ferric chloride. Identifi- 
cation of aeetophenetidide depends chiefly on the reaction with 
nitric acid, the m. p., the crystalline form, and the sublunation. 
Autipyrine may be identified by m. p,, sublimation, the uonitroso- 
antipyrine reaction, the ferripyrine reaction, and by Wasicky^s 
method with /)-dimethylaminobenzaldehyde (this method is suit- 
able for the detection of antipyrine as an impurity in other drugs); 
file latter test is conveniently performed by wanning antipyrine 
with yi-diuiebhylaminobenzaldehyde, when a deep yellow solution 
is fonued, which becomes red after addition of a drop of water, 

Pyramidone sublimes unde composed slightly above its melting 
point, generally in droplets, which become crystalline when rubbed ; 
tile crystals appear as rectangular or quadratic plates or as rech 
uugular needles generally united in clusters or twin crystals. The 
mercury double salt crystallises in needles or quadratic plates; it 
j'cparates from alcohol in needles grouped in rosettes, to which 
blender, dendritic, crystalline threads are frequently attached. 
The potassium iodide-iodine reaction is much more sensitive; the 
yellow crystals obtained in dilute sulphuric acid solution dissolve 
'vhen warmed and separate again on cooling as yellowish -brown, 
I'cctaiigular needles, sometimes pointed, frequently united to form 
aggregates. The reactions with hydriodic acid, zinc chloroiodide, 
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and potassium mercury iodide are also very sensitive, sil 
tungstic acid, after vigorous boiling in hydrochloric acid sol'utf^ 
yields regular, six-sided, almost colourless crystals; with antipyri^' 
it gives only droplets, and does not react with acetanilide 
phenacetin. Picric acid causes the separation of groups of yelln^ 
needles from a solution of pyramidone in hydrochloric acid. * 

H.W. 

Volumetric Estimation of Histidine and other Glyoxalhie 
Derivatives, C. L. Lautenschlager {Zeitsch. physiol CW 
1918, 102, 226 — 243).— Histidine can be estimated quantitativelj 
by treating its solution with an excess of diazobenzenesulphonii 
ac:d, boiling with alcohol to destroy the excess of the acid, and 
then titrating the stable histidine dye with titanium triclilorid« 
by Knecht and Hibberfc's method (A., 1903, ii, 509). An alteri}- 
ative method cousjjts in adding standard silver nitrate to ti? 
histidine solution ’ ip til a drop no longer gives a red coloration 
with an alkaline soy^ion of diazobenzenesulphonic acid. As onh 
the free base react e with the diazo-acid to form a red dye, whi]?! 
the silver salt gives no colour reaction, the end-point is revealer 
by the non-appearance of the red coloration. 

For its estimation in protein, the histidine must first be separatee 
from the other product of hydrolysis, especially tyrosine, and thii 
can bo effected by means of silver lactate or mercuric chloride 
which form insoluble compounds with histidine. H. W. B. 

The Berberine Nitrate |Test] with Hydrastis Powder, 

Otto Ess (Schweiz. ApotJ/,. Zeit., 56, 104 — 105; from Chm 
Zentr., 1918, ii, 226). — The microchemical detection of berberim 
in hydrastis powder is best effected in the following manner: lb 
powder is rubbed with a drop of alcohol and treated with 
drops of nitric acid (30%) ; after a short time, yellow needles ci 
berberine nitrate, up to 60 /i in length, and generally united ir 
clusters, separate. The needles disappear when warmed, and tbt 
solution becomes red. H. W. 

Difierentiation between Egg-albumin and Patbologicai 
Albuminoids. C. Pagel (Bull Sci. Pharmacol, 1918, 25, 
117—118; from Chem. Zentr. ^ 1918, ii, 76).— The follow® 
methods are considered trustworthy: (1) Salkowski’s reaction 
Nitric acid (D 1'2) is added drop by drop to the cold urine luiti 
a permanent t'rji*bidity or precipitate is obtained, followed hy ai 
equal volume of alcohol (95%) ; in the presence of urinoalbuimu 
complete solution occurs, whilst with egg-albumin the 'turbidity J: 
increased or a precipitate formed; in the course of twelve t 
twenty -four hours a considerable evolution of gas occurs in certaii 
circumstances i (2) The urine is shaken with an equal volume o 
a mixture of ethei^ (4 parts) and alcohol (95%, 1 part); in 
presence of urine -albumin, a thin skin is at most formed betwwt 
the layers, whilst with egg-albumin thick layer filled with bubble 
of air, which only slowly subsides' , is produced ; the aqueou* 
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iilcohoiic layer is cloudy and yields a precipitate within twenty- 
Ur hours. (3) A mixture of urine (10 c.c.) and alcohol (95%, 
ftpO c.c.) is filtered after half an hour, and the filter-paper is 
pierced, urine-albumins dissolve in a few c.c. of water, whereas 
^g-albumin in quantities above 2 grams per litre remains un- 
pssolved. H. W. 

Detection of Egg-albumin in Urine. C. B.\rbe {Bull Scl 
pkormacoL, 1918, 25, 118-— 121; from Chem. Zentr., 1918, ii, 75). 
—Three to four c.c. of a mixture of 30 c,c. of ammoniacal copper 
oxide solution (prepared by repeatedly pouring 100 c.c. of officinal 
jraKoiiia solution ov-er about 1 gram of copper) diluted with acetic 
icid to 100 c.c. are cautiously introduced beneath 3 — 4 clc. of clear, 
fresh urine in a test-tube. In the presence of egg-albuinin. a 
more or less transparent, sharply defined rir^ is formed at the 
junction of the layers; with quantities of less^Mn O'lO gram per 
itre, reaction occurs within three minutes. / H. W. 

The Simulation of Albuminuria (fie^ction of Ep:- 
dbumin). Ed. Justix-Mueij.er [J, Pharm'Chfm., 1918, [vii], 18, 
JOl — 204). — For the rapid and exact detection of egg-albumin in 
irt^e, a slight modification of MaureVs reagent is advised. The 
lew reagent is prepared by mixing together 25 c.c. of 33% aqueous 
odium hydroxide, 5 c.c. of 10% copper sulphate solution, and 
0 C.c. of glacial acetic acid. With this reagent, a ring is formed 
t the surface of contact of the two liquids in 30 seconds, as 
ompared with 75 seconds with Maurel's reagent, 150 seconds if 
he copper sulphate is not added, and 1200 seconds with acetic 
cid alone. W. G. 

Preparation of Teichmann 's Hsmin Crystals. N. Bokarics 
Vierthjsrhr. ger. Med. offeiiil. SaniUii^ivefieT)., 1918, [iii]. 55, 
55—259; horn Chem. Zentr., 1918, ii, 121— 122).- -The most 
uitable reagent is a mixture of acetic acid (100%, 3 parts) and 
aturated common salt solution (0‘3 part). The suspected stains 
are moistened with three or four drops of the reagent, and the 
liquid is pressed on to an object-glass; the preparation is covered 
and evaporated or boiled. Alternatively, a small quantity of the 
suspected substance is scraped on to an object-glass and moistened 
with three or four drops of the reagent, the subsequent procedure 
being the same as that described above. Special precautions need 
aot be observed during the heating. H. W. 

Malyses of Blood-gases. I. Qualitative and Quant i- 
iative Detection of Acids in Small Quantities of Blood 
Estimation and Distribution Equilibria. H. Straiui 
|nd Klothilde Meier {Biochem. Zidt^ich., 1918, 89, 156 — 177).-- 
ihe laws of mass action regulate the relationship between (a) the 
indissociated, (5) the dissociated parts of electrolytes in the blood, 
wd (c) the hydrion concentration. If two of these are known, 
^third can, be calculated. T method is described for detennin- 
^ ^'"^hether acids stronger or near the strength of carbon dioxide 
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^ire present which depend^ on the solubiJity of carlion 'l^^xide 
blood, OE serum. It consists in the determii||^Qn the equilit^ 
of distribution betweeai carbon dioxide andlllho non-volatile 
of the blood. The determination of "ibe aj^lute solubilit^ 
carbon dioxide at a given- partial pressure of the gas, or at a 
hydrion concentration, gives a means of estimating the amount d 
pathological acids present in blood. Various examples of the tu 
of the method are giVen: S. B. 

Estimation and Meaning of Ferments in Gastric JaiM 

L. Michaelis {Deutsch^’ Tried. TTocA., 1918, 44 , 685 — 689] 
Vhem. ientr.^ 1918, ' :i, 288 — 289). — The communication' deal 
with rennet and pepsin. In the estimation of the former, 
action of gastric juice on milk is compared with that of a standa^ 
solution of rennet prepared from a known, stable rennet prepare 
tion, such as Mei^cps rennet tablets. The interpretation of vaii 
ing concentrations rennet and hydrochloric acid in the ga^ 
juice is discussed. , ■ ' * 

The estimation H pepsin depends on the fact that certain soli 
tions of albumin which become cloudy on addition of sulptj 
salicylic acid are smoothly fermented by pepsin in the preseoa 
of this acid; all other precipitants of albumins destroy the actiol 
of pepsin. For the estimation, as in that of rennet, a conkd 
ferment is required; a stable pepsin solution is used for this 
pose, which is standardised by comparison with a series of noi’mrf 
gastric juices containing, as a mean, fifteen pepsin units’ Tlw 
albumin solution is best prepared from a strongly albuiuinoui 
urine, which is preserved by chloroform, and so diluted that 
contains about 0’5% of albumin. Sulphosalicylic acid (10%) is 
added to this until the solution is just distinctly acid to Congo-] 
paper, but only gives a faint violet colour. After remaining foraj 
few minutes in a test-tube, the solution should show a just r 
translucent turbidity. All the solutions must have the si 
hydrogen -ion concentration, which is attained in practice by Ui 
an excess of the albumin-acid solution in comparison with 
amount of gastric juice, so that the influence of the latter on 
action of the mixture is negligible. For the estimation, six ti 
are charged with I'c.c. of gastric juice, the latter being used \ 
and in dilutions of 1/3, 1/4, 1/8, 1/16, and 1/32 respectively, 
control tube containing 1 c.c. of pepsin solution (1 pepsin unit) ^ 
also used. Fivq c.c. of albumin-acid solution are added to eaw 
tube, and the s6]?ies is placed in a thermostat at 37°. After abo^ 
ten minutes, a certain degree of clarification is observed in wb 
control tube, and the solutions in the other tubes are now com 
pared witji it. 

’I'he detailed experiments show a certain parallelism betw^ 
acidity, rennet, and pepsin; the relationship is only approxi^ 
however. 






